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Preface 
 
 The discovery of high-temperature superconductivity in cuprates has 
strongly renewed the interest in manganite which exhibit the field dependent 
resistivity knows as the magnetoresistance. These materials display a wide variety 
of magnetic phases arising from structural, spin, orbital and charge correlation, 
which attract scientific community for basic research purposes.  Further, mixed 
valent manganites exhibiting colossal magnetoresistance are potential candidates 
for technological applications such as magnetic memory devices, bolometers, 
electric field switches, etc. For that, it is necessary to master the growth of high 
quality thin films with the well controlled tailored properties. In the present 
investigation, studies on manganite thin films and heterostructures shows that, 
these materials have potential in applications in the field and temperature sensors 
and as well as they exhibit interesting phenomenon from basic physics point of 
view. Various types of structural, electronic and magnetic investigations have been 
made on the bulk and thin film samples in order to understand various mechanisms 
and properties. The unique contribution of this work is devoted to the thickness 
dependent irradiation effect on the thin films and to know, how controlled defect 
tailors the physical properties of these films. All the bulk materials in the present 
work were synthesized using solid state reaction route at Department of Physics, 
Saurashtra University, Rajkot, India. Thin films and heterostructures were 
deposited using the Pulsed Laser Deposition technique. Most of the experimental 
work has been performed in collaboration with Tata Institute of Fundamental 
Research (TIFR), Mumbai, Raja Ramana Centre for Advance Technology 
(RRCAT), Indore and Inter-University Accelerate Centre (IUAC), New Delhi, 
India. 
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1.1 Introduction to manganites: CMR behavior in bulk and thin films      
The last decade has experienced the emergence of mixed oxide materials as one 
of the most attractive research subjects for the condensed matter physicists. The research 
on these materials was initially stimulated by the discovery of high-temperature 
superconductivity (HTSC) in the late eighties which provided the platform for rethinking 
about the use of mixed oxides for variety of applications involving many interesting 
properties exhibited by them. Amongst several mixed oxide compounds studied so far, 
the mixed valence perovskite manganites, Re1-xAxMnO3 (where Re= rare earth, A= 
alkaline earth) provide a unique opportunity to study the structure-property correlation 
due to the interplay among change carriers, magnetic coupling, orbital ordering and 
structural distortion. 
The manganites are interesting compounds having exciting properties from both 
the basic research as well as from technological point of view. As the technology 
pursued with this material requires film growth, extensive studies have been made on 
material synthesis, structural and physical characterization and device fabrication.  
The mixed valent manganese oxides possess rich and complex physics related to 
the importance of electron-lattice and electron-electron interactions. The structural, 
magnetic and transport properties of these compounds are intricately related. In addition, 
the Colossal Magneto Resistance (CMR) effect exhibited by manganites and the 
occurrence of metallic phases with a fully spin-polarized conduction band are promising 
for potential applications. Various technologically important applications of manganites 
require their high quality thin films having well-controlled & tailored properties. 
Progress in the growth of epitaxial thin films opens a way to all oxide or oxide-metal 
devices. 
1.1. CMR (colossal magnetoresistance) materials 
1.1.1 Physics of the CMR materials   
MR phenomenon  
Magnetoresistance (MR) is the change in electrical resistance of material on 
application of external magnetic filed. It is defined as  
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100(%)
0
0 ×
−
=
ρ
ρρ HMR  
where ρH and ρ0 are the resistivities at a given temperature in the presence and absence 
of the magnetic field (H), respectively. MR may be negative or positive depending upon 
fall or rise in the resistivity, respectively, on the application of magnetic field. The 
positive MR% is commonly referred as ordinary magnetoresistance (OMR). Classically, 
the cause of such MR is attributed to the effect of the Lorentz force (due to applied field) 
on the itinerant electrons causing extra deflection, which increases the resistance. Such 
type of MR is dependent on the angle between current direction and orientation of 
magnetization.  
The reason for very high negative MR (~50%) in artificially grown multilayers of 
antiferromagnetically coupled metallic layers of Fe/Cr and Cu/Co by Baibich et al 
resulted in boosting of the research on synthesizing new materials with higher negative 
MR having applications in magnetic read heads, bolometer, etc.[1, 2]. 
 Types of the magnetoresistance 
Depending on the nature and origin of the MR exhibited by different types of 
materials, it can be classified as follows 
A. Anisotropic Magnetoresistance (AMR) 
In this type of magnetoresistance, change in the resistance is related to the 
variation in the magnetization of the ferromagnetic film. The AMR can be expresses as  
⊥
⊥∏ −=
R
RR
AMR  
where, R∏ and R⊥ are resistances with the field applied parallel and perpendicular to the 
sample, respectively. In the case of AMR, the resistance is anisotropic and depends on 
the orientation of the magnetization with respect to the current. The origin of the AMR 
effect lies in the spin-orbit coupling and the splitting of the d-bands in ferromagnetic 
metals. 
B. Tunneling Magnetoresistance (TMR) 
  Tunneling magnetoresistance phenomenon is observed in the tunneling 
junction of the two ferromagnetic layers which are separated by an insulating barrier. 
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Similar to other MR effect, in the TMR, considerable change in resistance is observed 
when the relative orientation of the two magnetic layers changes from anti parallel to 
parallel. The relative change in the resistance, TMR, is quantified by the equation 
AP
APP
I
II
TMR
−
=  
where, IP is the current when both the ferromagnetic layers have parallel magnetizations 
while IAP is the current when one ferromagnetic layer has a parallel magnetization and 
another layer has anti-parallel magnetization.  
C. Giant magnetoresistance (GMR) 
Large magnetoresistance, referred to as giant magnetoresistance (GMR), was first 
observed, on the application of magnetic field to atomically engineered magnetic 
superlattices. This form of magnetoresistance was observed in metallic multilayers such 
as Fe/Cr, Co/Cu [1, 3]. The magnetic field enhances the conduction of electrons resulting 
in MR ~ 50%. Owing to large amount of MR, name giant magnetoresistance was given 
to emphasize the strength of MR in these materials. In the case of GMR, resistance is 
dependent on the direction of the magnetization because electrons have different 
scattering probabilities in the presence of parallel and anti- parallel magnetization 
directions. The GMR is usually defined as 
AP
APP
R
RR
GMR
−
=  
where, RAP and RP the resistances of the stack of layers with anti-parallel (AP) and 
parallel (P) state of the magnetizations, respectively. 
D. Colossal magnetoresistance (CMR) 
Recently, the MR as large as ~100% was observed in manganites. This was an 
extraordinarily large magnetoresistance as compared to previously observed GMR. 
Therefore, to emphasize the strength of MR in these compounds, a new term called 
“colossal magnetoresistance (CMR)” was coined [4]. The origin of MR in manganites is 
quite different than the origin of other forms of MR discussed above. The CMR is an 
intrinsic property related to crystal structure and has its origin in the spin disorder of 
conduction electrons, which can be suppressed by the application of the magnetic field 
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resulting in large magnetoresistance [4-6]. The CMR can be determined from the ratio of 
a change in the resistivity under the magnetic field, which is expressed as, 
100
0
0 ×
−
=
ρ
ρρ HCMR  
The discovery of CMR in manganites and its relation to various electronic and 
magnetic properties rejuvenated the research interest in similar compounds. Since 
manganites appear promising candidates, both from basic research and applications point 
of view, a major fraction of materials scientists have contributed to the better 
understanding of these materials. This thesis is devoted to the understanding of various 
physical properties of complex manganite systems and some efforts to evaluate the 
application potentiality of these compounds. 
1.1.2 Structural, Electronic transport, Magnetic and Magnetotransport Properties 
1.1.2. (A) Crystallographic and Electronic Structure 
The structure of the Re1-XMXMnO3 oxides is close to that of the cubic perovskite 
(Fig.1.1). The large sized Re-trivalent ions and M-divalent ions occupy the A site with 
12 - fold oxygen coordination. The smaller Mn ions in the Mn+3 – Mn+4 mixed valent 
state are located at the centre of an oxygen octahedron i.e. at the B-site with 6-fold 
coordination. For the stoichiometric oxide, the proportions of Mn ions in the +3 & +4 
valence states are respectively, 1-x and x. 
   
Figure 1.1: Schematic view of the cubic perovskite structure. Crystallographic structure 
                   of LaMnO3. 
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The structure of the manganite is governed by the tolerance factor                          
t = (rA +rO)/√2 (rB +rO). The perovskite structure is stable in the range 0.89 < t < 1.02, t = 
1 corresponding to the perfect cubic closely packed structure. Generally, t differs 
appreciably from 1 and the manganites have, at least, at low temperature, a lower 
rhombohedral symmetry or orthorhombic structure. This is illustrated by the 
orthorhombic structure of LaMnO3 (Fig. 1.1), which is the parent compound of the most 
of the manganites studied for potential application by partial substitution of La by Ca and 
Sr. 
For an isolated 3d ion, five degenerate orbital states are available to the 3d 
electrons with l = 2. In a crystal, the degeneracy is partly lifted by the crystal field. The 
five d-orbitals are split by a cubic crystal field into three t2g orbitals and two eg orbitals. 
For the MnO6 octahedron, the splitting between the lowest t2g level and the highest eg 
level is ∆ ~ 1.5 eV (Fig.1.2). For the Mn3+ and Mn4+ ions, the intra-atomic correlations 
ensure parallel alignment of the electron spins having corresponding exchange energy of 
about 2.5 eV larger than the crystal field splitting ∆. Mn3+ is 3d4, t2g
3↑ eg
↑ with S = 2 
whereas Mn4+ is 3d3, t2g
3↑ with S=3/2. Their respective magnetic moments are 4µB and 
3µB, neglecting the small orbital contribution. 
 
 
Figure 1.2: Energy levels and orbitals of Mn4+ and Mn3+ in a crystal field of octahedral 
                   symmetry and with axial elongation. 
In a crystal field of symmetry lower than cubic, the degeneracy of the eg and t2g 
levels is lifted, as shown in the fig.1.2 for an axial elongation of the oxygen octahedron. 
Although the energy of Mn4+ remains unchanged by such a distortion, the energy of 
Mn+3 is lowered. Thus, Mn+3 has a marked tendency to distort its octahedral environment 
in contrast to Mn+4. This Jahn – Teller distortion is rather effective in the lightly doped 
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manganites; i.e. with a large concentration, 1-x, of Mn+3 ions; the Jahn-Teller distortions 
are not independent from one Mn+3 site to another (cooperative Jahn-Teller effect). This 
is illustrated by the structure of LaMnO3 (Fig.1.1) in which the MnO6 octahedra are 
strongly elongated within the ab plane in a regular way leading to a doubling of the unit 
cell. On increasing the Mn+4 content, the Jahn-Teller distortions are reduced and the 
stabilization of the 3z2-r2 eg orbital becomes less effective. Nevertheless, in a large 
number of manganites, the eg orbitals of two types, 3z2-r2 and x
2-y2 are not occupied by 
the eg electrons of Mn
3+ at random and an orbital order is achieved. 
Double Exchange 
 
Figure 1.3: Schematic view of the double exchange (DE) mechanism. 
A peculiar and interesting case is that of Mn+3-O-Mn4+ for which the Mn ions can 
exchange their valence by a simultaneous jump of the eg electron of Mn
+3 on the             
O p -orbital and from the O p-orbital to the empty eg orbital of Mn
+4. This mechanism of 
DE originally proposed by Zener ensures a strong ferromagnetic-type interaction [7]. As 
shown by Anderson and Hasegawa, the probability of the eg electron transfer from Mn
3+ 
to neighboring Mn4+ is toCOS(θ /2), θ being the angle between the Mn spins, in the case 
of strong Hunds coupling (Fig.1.3) [8]. The process of electron transfer lifts the 
degeneracy of the configurations Mn+3 - O - Mn+4 and Mn4+- O -Mn3+ leading to two 
energy levels Et=0 ± toCOS(θ /2). The energy gain of the parallel spin configurations to    
θ = 0, which maximizes t, with respect to the anti-parallel one θ =pi, reveals the 
ferromagnetic character of the DE interaction. However in the DE, angular dependence 
of COS(θ /2) is quite different from COS(θ) of the usual exchange interaction. This 
different angular dependence in conjunction with the competition between DE 
ferromgmagnetism and superxchange anti-ferromagnetism is at the origin of the complex 
magnetic phase diagram of manganites versus the doping level, x. In particular, canted 
AF phases at small x were predicted early on by P. G. de Gennes [9].  
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1.1.2. (B) Electronic Transport  
The simple manganites, such as La1-XMXMnO3 (M= Ca, Sr, Ba) with x = 1/3 with 
strong DE exhibits a transition from high temperature paramagnetic (PM) semi-
conducting or insulating (I) phase to a low temperature FM phase.  
Paramagnetic region 
In the P phase, the electrical resistivity generally exhibits strong temperature 
dependence. Different ρ(T) laws have been used in fitting experimental data, the most 
popular ones being: (1) simple thermal activation law ρ = ρ∞ exp(E0/kBT) with a typical 
gap value of ~ 0.1 eV (ii) hopping of adiabatic polarons ρ ~ T exp(E0/kBT); (iii) Mott 
variable range-hopping (VRH), ρ = ρ∞ exp [(T0/T)
1/4]. Each of these laws have some 
physical origins, which is respectively (i) the existence of a pseudogap at the Fermi level 
in the P phase (ii) the local lattice distortion accompanying the moving charge carrier 
(Jahn-Teller polarons); (iii) the localization of the charge carriers by the magnetic 
disorder [10]. In a narrow range of temperature, it is practically impossible to 
discriminate between these different ρ(T) laws.  
Ferromagnetic region 
At low temperature, the spontaneous alignment of the Mn spins below the Curie 
temperature, TC, allows the delocalization of the eg electrons, leading to a low resistive 
FM phase with ρ ≈ ρ0 + aT
2 for T ≤ TC. This alignment of the Mn spins can be induced 
for T ≥ TC, or reinforced for T ≤ TC, by applying an external magnetic field. The 
maximum effect is obtained close to TC since the initial magnetic susceptibility diverges 
as T →TC. Thus, these manganites have a rather large negative magnetoresistance, the so 
–called CMR, which peaks at about TC. This phenomenon is observed in large number of 
manganites. In general, since the resistivity of the P phase strongly increases on 
decreasing T, whereas that of the FM phases decreases, the CMR becomes larger as TC 
becomes smaller at least for a given doing level. 
Effects of doping level and A-site cation size 
The physical properties of perovskite-type manganites are determined by two 
main parameters: the doing level, x = Mn4+/ (Mn3+ + Mn4+), and the average size of the 
cation A, <rA>. A third relevant parameter is the degree of disorder at site A, defined by 
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∑ ><−= 222 Aii rrxσ . An enormous number of experimental studies have been 
performed to quantify these effects [11]. In general, ferromagnetic DE is maximum 
around x=1/3 and for <rA> ≈ 1.24 Å. The reduction of <rA> from this optimum value 
leads to an increasing distortion of the crystallographic structure. The resulting reduction 
of the Mn-O-Mn angle from 180º to a smaller value weakens the ferromagnetic DE and 
increases the tendency to localize the charge carriers. This drastic effect of <rA> on the 
resistivity, is exemplified by the phase diagram in fig.1.4 for x=0.3 [12]. Figure 1.4 also 
shows the phase diagram of two extreme cases of La1-xSrxMnO3 which is most FM 
manganite and Pr1-xCaxMnO3 which displays large charge ordering (CO) effects. 
 
Figure 1.4: Phase diagrams of temperature versus tolerance factor and average radius of  
                    cation at A-site for Re0.7A0.3MnO3, single crystal La1-xSrxMnO3 and 
                    Pr1-xCaxMnO3 system. (Reproduced form the refs. 12, 13). 
1.1.2. (C) Magnetic properties 
The magnetic properties of the manganites are governed by exchange interactions 
between the Mn ion spins. These interactions are relatively large between two Mn spins 
separated by an oxygen atom and are controlled by the overlap between the Mn             
d-orbitals and the O p-orbitals. The corresponding superxchange interaction depends on 
the orbital configuration following the rules of Goodenough & Kanamori.[6]. Generally, 
for Mn4+-O-Mn3+, the interaction is AF, whereas Mn3+-O-Mn4+, such as in LaMnO3 
where both F and AF interactions coexist [7]. The LaMnO3 end member was found to be 
antiferromagnetic, with ferromagnetic planes that had alternating directions of 
magnetization. The other end member CaMnO3 was also found to be antiferromagnetic 
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with each Mn+4 surrounded by the six closest neighbors having opposite spin. Other 
doping levels gave different types of antiferromagnetic ordering but in the doping range 
of x ≅ 0.3, the samples were ferromagnetic. Goodenough has explained the magnetic 
structures for different doping levels in terms of different types of bonding, where some 
bonds are ferromagnetic and others are antiferromagnetic or paramagnetic. This is 
determined by the relative orientation of occupied and unoccupied orbitals of the Mn-O-
Mn pairs. 
Charge and Orbital Ordering in Manganites 
As shown in the fig. 1.4, upon doping, the manganites exhibit a wide verity of 
ordered states, including ferromagnetic and charge-ordered (CO) phases. In these 
compounds, there exist orbital degrees of freedom of the eg electrons in Mn
3+ ions, and 
orbital ordering can lower the electronic energy through the Jahn-Teller mechanism. 
Therefore, charge and orbital-ordering effects are particularly pronounced in mixed 
valent manganites. Some of the arrangements that have been identified are shown in 
fig.1.5. At x=0, the A-type spin state is orbitally ordered as it appears in the fig. 1.5 (a). 
Figure 1.5. (b) shows the related charge and orbital ordering scheme for x=0.5, where 
there is same amount of Mn4+ and Mn+3 ions and the charge-exchange (CE) type 
arrangement is formed. In La1/3Ca2/3MnO3, there are twice as many Mn
4+(3d3) ions as 
compared to the Mn3+(3d4) ions and the ordering of the diagonal rows of Mn4+ and Mn3+ 
ions plus the orientational ordering of the dz
2 orbitals in Mn3+ gives rise to the stripe 
pattern as shown in fig.1.5.(c) [14]. 
 
Figure 1. 5 : The charge and orbital ordering configurations in the orthorhombic basal 
                      plane for x= 0, ½, 2/3 of La1-xCaxMnO3. Open circles are Mn
4+ and the 
                     lobes show the orbital ordering of the eg electrons of Mn
3+  
 
 
                                                      
21
 
 
Figure1.6: Spin, charge and orbital ordering pattern of CE antiferromagnetic type 
                    Observed for most of the x=1/2 manganites. The eg orbital ordering on 
                     Mn3+ sites is also shown. The Mn3+ sites are indicated by closed circles. 
Several other manganites exhibit CE- type CO-phase at x=0.5 as well. A sketch 
of the complex orbital, charge and spin order is shown in figure 1.6. While the spins are 
purely antiferromagnetic, the charge and orbital ordering occurs in alternate b-c planes, 
giving rise to charge-stack order. This state can be easily destroyed by a magnetic field 
in a first order transition [15]. Investigations on charge ordering have established the 
intimate connection of the lattice distortion to CO. It is the lattice distortion associated 
with orbital ordering that appears to localize the charge and initiate charge ordering. 
Eventually, the Coulomb interaction wins over the kinetic energy of the electrons to form 
long range CO state. The scale of the energy involved with CO as measured by the 
charge-ordering gap is around 0.5-1 eV. This is similar to the unscreened bare nearest 
neighbor Coulomb repulsion. This is also close to the approximate energy required to 
create ~ 1 % orthorhombic distortion. It is likely that both the energy scales along with 
magnetic exchange decides the energy scale of the charge-ordering gap. 
Half metallic nature 
Half- metallic materials are characterized by the coexistence of metallic behavior 
for one electron spin and insulating behavior for the other. Thus, the electronic density of 
states is completely spin polarized at the Fermi level and the conductivity is dominated 
by these metallic single – spin charge carriers (Fig.1.7). These exotic physical properties 
could have a significant effect on technological applications related to magnetism and 
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spin electronics. Some ferromagnetic systems, such as Heusler compounds and 
chromium metallic exhibits half metallic behaviour [16, 17].   
 
Figure 1.7: Schematic energy diagrams and the Mn 3d spin alignments of the doped  
       manganese perovskite at T ≤ TC and at T ≥ TC. Jex is the Hunds rule 
        exchange energy and Egap denotes the insulating band gap of the minority- 
       spin states.  
The doped manganese perovskite is mixed-valent with Mn3+(3d4) and Mn4+ (3d3). 
For the octahedral site symmetry of the MnO6 complex, the configuration becomes 
t2g
3for Mn3+ and t2g
3 for Mn4+. In the double-exchange mechanism, the eg electrons are 
considered as mobile charge carriers interacting with the localized Mn4+ (S=3/2) spins. 
The carriers with hopping avoid the strong on site Hund`s exchange energy Jex when the 
Mn spin are aligned ferromagnetically. Jex (~2.5 eV) is much larger than the eg band 
width (~1 eV). Thus the conduction electrons are expected to be highly spin polarized, 
and the possibility of 100% spin polarization (that is half-metallic state) occurs [18].  
1.1.2. (D) Magneto transport Properties 
High Field Magnetoresistance (HFMR) 
In the ferromagnetic region, manganite sample shows metallic behaviour, i.e. a 
positive temperature coefficient of the resistivity. Near the ferromagnetic transition, spin 
disorder leads to a sharp increase in the resistivity. The application of an external 
magnetic field results in to decrease in the resistivity, with the highest negative MR 
occurring close to the magnetic transition temperature, which is indicated by peak in the 
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zero-field resistivity. The peak in the resistivity becomes smaller and shifts to higher 
temperature with the field. This gives resistivity suppression in high field and MR known 
as high field magnetoresistance. 
Low Field Magnetoresistance (LFMR)  
Presently large numbers of research groups are trying to achieve large, low field 
RT MR in substituted rare earth manganites. The physical reason behind the observation 
of low field magnetoresistance (LFMR), in the epitaxial and granular thin films (with 
grain boundaries) as well as in the bulk sample is totally different [19]. The epitaxial film 
shows almost zero MR, however, bulk material show much larger negative MR as 
compared to the epitaxial thin films. This is one of the interesting aspects of transport in 
these materials and needs detailed investigation. In bulk samples and granular thin films 
having grain boundary effects, large LFMR at low temperature is exhibited due to the 
intergrain tunneling in the magnetic domain [20, 21].  
1.2. Manganite thin films and hetrostructures: Properties and 
Applications 
Besides the discovery of the large RT MR, the renewed interest in manganites 
has been propelled by another reason: the ability to synthesize high quality thin films as 
single crystal forms of complex perovskite oxide materials. The emergence of epitaxial 
metal oxide films has been one of the most attractive subjects of research of the 
condensed matter community in the last decade, which was primarily stimulated by the 
discovery of high-temperature superconductors (HTSC) and more recently by the 
discovery of CMR effects in the manganite. 
 Since most applications require thin films with good magnetic and electrical 
properties, it is of great importance to be able to prepare high quality single-crystalline 
epitaxial films. Different techniques including reactive sputtering, ion beam sputtering, 
co-evaporation, chemical vapor deposition (CVD) and pulsed laser deposition (PLD) 
have been used to grow the manganite thin films. PLD is the most straightforward 
method for thin film deposition of complex oxides due to its simplicity. In this technique, 
dense ceramic target is ablated by a pulsed laser under oxygen partial pressure, creating 
dynamic plasma constituting the bulk stoichiometry which condenses on the heated 
substrate. Since the stoichiometry of target material is complex and consists of more than 
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two constituents, it is often kept rotating during deposition to avoid the non-
stoichiometric deposition of the thin film on to the substrate. Moreover, low pressure 
PLD under a strong oxidizing gas (ozone and atomic oxygen) allows a ‘cell-by-cell’ 
step-flow growth, which produces high quality epitaxial films or superlattices [22-23].  
Manganite thin films are more often grown at high temperatures of ~ 600–800˚C to 
ensure a single crystal epitaxial microstructure. A small distortion in the unit cell of 
perovskite structured manganite material, i.e. the increase in the Mn–O bond length and 
the reduction in the Mn–O–Mn angle, changes the properties of the bulk material 
appreciably [24, 25].  Consequently, the physical properties of thin films are governed by 
the strain induced due to the lattice mismatch occurring between the film and the single 
crystal substrate. It is therefore of prime interest to control the internal microstructure of 
the film after deposition in order to understand the changes in both magnetic and 
electrical properties in fully strained films. There is a large effect of the growth 
parameters (such as temperature, pressure, and target-to-substrate distance) on both 
internal microstructure and surface morphology. Strain in the PLD deposited thin films 
has an appreciable effect on the  electrical and magnetic properties of the material [26]. 
The strain in the film creates the magnetic anisotropy and dead layer in the manganite 
thin films which modifies the Low Field Magnetoresistance (LFMR) very effectively and 
results in to loss of the spin polarization. 
In the interest of this thesis, which deals with the studies on the strain-induced 
magneto transport properties of manganite thin films and heterostructures, the effect of 
grain boundary & strain on the physical properties of film has been described in next 
part. 
Grain Boundary Effect 
Grain boundary (GB) strongly affects the properties of manganite thin films. 
LFMR has been attributed to the spin dependent scattering of polarized electrons at GB 
[20, 21]. Since large LFMR is highly desirable for practical applications, much effort has 
been made to enhance this property by artificially creating an interface between two 
elements. 
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Strain Effect 
The influence of substrate strain is the main factor distinguishing manganite thin 
films from bulk ceramic sample. This is due to the fact that Mn eg electrons, which 
determine most of the physical properties, are coupled to the lattice of freedom through 
the Jahn-Teller trivalent Mn. Thus, strain affects the properties of the manganite thin 
films and heterostructure. Consequently, to obtain and improve the desired properties, 
one needs to correctly understand the effects of the strain on the manganite thin films. 
Both in-plane and out-of-plane lattice parameters are often modified by strain effects 
when different substrates are used.  
 
 
Figure 1.8: XRD patterns of three 30nm PSMO films grown on the LAO, NGO 
                    and STO substrate, respectively. The arrows indicate the PSMO (002) XRD  
                    reflections [Reproduced from ref. 27 ]. 
Figure 1.8 shows an example for 30nm thin films of PSMO grown on LaAlO3 
(LAO), SrTiO3 (STO) and NdGaO3 (NGO) substrates [27]. In this study, the effect of 
substrate on the physical properties is described and it is shown that, how the different 
substrates produce different tensile and compressive strain in the film [28]. Assuming 
that all the deposition conditions (oxygen pressure, target to substrate distance, 
deposition temperature, laser fluence) have been optimized to ensure a single crystal 
film, the strain modifies the transport as well as magnetic properties of the thin films. 
Also in the dead layer of manganite thin films, magnetic anisotropy also plays an 
important role. The magnetic anisotropy of epitaxial thin films is usually an order of 
magnitude more than that of bulk samples depending on the strain in the film.  
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1.3 Applications of magnetoresistive materials 
Basic research in the physical sciences, especially in condensed matter physics, can 
lead to important developments in applied physics and engineering. The manganites have 
potential for applications in various fields exploiting the property of CMR, spin polarized 
conduction of carriers and I-M transition. A few applications are listed below. 
1. Magnetic Recording 
The first application of manganite to produce a substantially large economic impact 
was that for the read heads in magnetic disk recorders, which are components of every 
computer. The read head senses the magnetic bits that are stored on the media (disks or 
tapes). This information is stored as magnetized regions of the media, called magnetic 
domains, along tracks (fig.1.9) 
 
Figure 1.9: A schematic representation of a GMR read head (green) that passes over 
                      recording media containing magnetized regions. The magnetization 
                     direction of the soft layer in the head responds to the fields that emanate 
                     from the media bye rotating either up or down.  The resulting change in the  
                     resistance is sensed by the current I passing through the GMR element. 
                     [Reproduced from ref. 2] 
  Magnetization is stored as a “0” in one direction and as a “1”in the other. Where 
two of these oppositely magnetized domains meet, there exists a domain wall, which is a 
microscopic region of 100 to 1000 Å (depending on the material used in the media). 
Although, there is no magnetic field emanating from the interior of a magnetized domain 
itself, uncompensated magnetic poles in the vicinity of the domain walls generate 
magnetic field that extend out of the media. It is these fields that are sensed by the GMR 
element. Where the heads of two domains meet, uncompensated positive poles generate 
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a magnetic field directed out of the media, and where the tails of two domains meet, the 
walls contain uncompensated negative poles that generate a sink for magnetic lines of 
flux returning back in to the media. The design goal for this element is to obtain a 
maximum rate of change in the resistance for a change in the sensed field. Typically, 
changes in the resistance of 1% per oersted are reported. 
2. Nonvolatile Memory 
The next application which is expected to have a large economical importance is 
nonvolatile memory. “ Nonvolatile” refers to information storage that does not evaporate 
when power is removed from a system. Magnetic disks and tapes are the most 
widespread nonvolatile information storage media, because of their long storage lifetime, 
low cost and lack of any wear-out mechanism. Computer core memory itself was 
nonvolatile before the introduction of semiconductor RAM in the early 1970s (Fig.1.10).  
 
Figure 1.10: A schematic representation of RAM that is constructed of GMR elements 
                 connected in series. The elements are manipulated for writing or reading by  
                 applying magnetic fields that are generated by currents passing through lines  
                 above and below the elements. [Reproduced from ref. 2] 
Honeywell had recently demonstrated that GMR elements can be fabricated in 
arrays with standard lithographic processes to obtain memory that has speed and density 
approaching that of semiconductor memory, but is nonvolatile [29]. An example of the 
structure of such an array is shown in fig.1.11. The GMR elements are essentially spin –
valve structures that are arranged in series connect by lithographic wires to form a sense 
line. The sense line stores the information and has a resistance which is the sum of the 
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resistances of its elements. Current runs though the sense line and amplifiers at the ends 
of the lines detect changes in resistance in the elements. The magnetic fields needed to 
manipulate the magnetization of the elements are provided by additional lithographically 
defined wires above and below the elements with intersections at each of the GMR 
information storage elements. 
 
 
Figure 1.11: A magnetic tunnel junction formed by a thin insulating barrier separating  
                       two ferromagnetic metal films. Current passing though the junction 
                      encounters higher resistance when the magnetic moments are anti-aligned 
                      and lower resistance when they are aligned. [Reproduced from ref. 2] 
3. IR Sensors (Bolometer) 
The main material dependent properties of interest for the development of CMR 
bolometers are (1) operating temperature (2) high responsibility (3) optimized values of 
sheet resistances. The manganites exhibit large non-linear variation of resistivity with the 
temperature near I-M transition and, hence, are potential candidates for being used as 
bolometer sensors [30, 31]. The temperature coefficient of resistance (TCR) defined as 
1/R(dR/dT)×100 evaluates the potentiality of any material for bolometer sensors. A good 
commercial bolometer possesses a TCR of ~ 4%. In some manganites, for example 
La0.7Ca0.3MnO3, TCR as high as 10-18% has been exhibited. The TCR in most of the 
manganites increases manifolds on substitution of smaller size cation at A-site, but it 
occurs at  low temperatures ,below RT ,which restrict them from applications. 
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4. Hybrid HTSC-CMR Devices  
 In these hybrid devices, injection of spin polarized carriers in to a superconducting 
strip forms a ferromagnetic contact pad, which locally quenches the superconductivity at 
the point of injection [32].  In this direction, FET structures can be fabricated using CMR 
materials as ferromagnetic layers epitaxially grown with YBCO layers. In such a device, 
the spin polarized electrons from the manganite layers are injected into the HTSC 
channel layers and the I-V characteristics as a function of gate current is studied [33]. 
Here, the properties largely differ when CMR layer with spin polarization character is 
replaced with the one having un-polarized electrons as carriers. Spin polarized carrier 
increases the pair breaking efficiency by many folds. 
5. Spin Valve and Magnetic Tunneling Junction 
A spin valve [Fig.1.12.(A)] is a GMR-based device which has two ferromagnetic 
layers (alloys of nickel, iron, and cobalt) sandwiching a thin nonmagnetic metal (usually 
copper), with one of the two magnetic layers being pinned; i.e. the magnetization in that 
layer is relatively insensitive to moderate magnetic fields [34]. The other magnetic layer 
is called the free layer and its magnetization can be changed by application of a relatively 
small magnetic field. As the magnetization in the two layers change from parallel to anti-
parallel alignment, the resistance of the spin valve rises typically from 5 to 10 %. Pinning 
is usually accomplished by using an antiferromagnetic layer that is in intimate contact 
with the pinned magnetic layer. The two films form an interface that acts to resist 
changes in the magnetization of pinned magnetic layer. 
 
Figure 1.12: Spin-depend transport structures. (A) Spin valve  
                    (B) Magnetic tunnel junctions. [Reproduced from ref. 45] 
 
                                                      
30
 
A magnetic tunnel junction (MTJ) [Fig.1.12.(B)] is a device in which  pinned layer and  
free layer are separated by a very thin insulating layer, commonly aluminum oxide. The 
tunneling resistance is modulated by magnetic field in the same way as the resistance of 
a spin valve which exhibits 20 to 40% change in the MR and requires a saturating 
magnetic field equal to or somewhat less that that required for spin valves. Because the 
tunneling current density is usually small, MTJ devices tend to have high resistances. 
Applications for GMR and MTJ structures are expanding. Important applications include 
magnetic field sensors, read heads of hard drives, galvanic isolators and magnetoresistive 
random access memory (MRAM). 
 
Figure 1.13: Device applications of MR thin films. [Reproduced from ref.35] 
Other applications of magnetoresistive thin films and heterojunctions are shown 
in the figs. 1.13. Among these, galvanic isolator is a combination of an integrated coil 
and GMR sensor on an integrated chip (figure 1.13(A). The GMR isolator is ideally 
suitable for integration with other communication circuits and the packaging of a large 
number isolation channels on a single chip. Figure 1.13(B) shows a simple single 
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channel GMR isolator composed of a driver chip and receiver chip. Figures 1.13(C) & 
(D) show the schematic presentation of the MRAM cell and 256 Kb MRAM chip. Figure 
1.14 shows the P-N junction type of device using the manganite thin film in which 
current is controlled by the magnetic field. 
 
Figure 1.14: Field controlled P-N junction. 
5. Electric Field Effect Devices 
Manganites have also been tested in FET devices. CMR channel based FETs with 
either para-electric layer such as SrTiO3 (STO) or a ferroelectric layer such as PZT have 
shown remarkable properties depending upon the nature of layer introduced. For STO 
the polarity has no effect on the response of the device and peak resistivity shifts to 
lower temperatures [36]. The lack of polarity in STO based device may be an indication 
of effects induced by the spin polarized character rather than charge injection. This 
device can help in understanding the fall of polarization with increasing Curie 
temperature. The ferroelectric gate based devices show large change in resistance (as 
large as ~ 100 %) which makes them attractive for potential non-volatile applications 
[37]. 
Future Applications 
In addition to the abovementioned applications, which are either already available 
or near-term, there have been several demonstrations of effects that suggest possibility of 
using various manganites thin films and heterostructures in some other applications. 
Mixed-valent manganites also have potential for applications owing to their chemical 
properties of catalytic activity of Mn3+ and Mn4+ valence. The chemical properties 
include the catalysis of automobile exhausts, oxygen sensors and solid electrolytes in 
fuel cells. The alkali ion substituted manganites are useful in such kind of applications. 
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Also, a metal-base transistor has been fabricated, which uses a GMR multilayered 
magnetic metal film for the base [38]. The mean free path of the electrons in the metal 
base can be altered by switching the GMR layer from its anti-aligned high resistance 
state, resulting in a drop in the trans-conductance of the device. Finally, several research 
groups are pursuing the injection of spin-polarized carriers into a two dimensional 
electron gas channel that is formed at a compound semiconductor heterostructure 
interface [39]. The long mean free path of electrons in these channels is expected to yield 
micrometer-length paths that are free of spin-flip scattering for spin-polarized carriers. 
1.3. Swift Heavy Ion Irradiation (SHI) Study  
 
 
Figure 1.15: Photograph of the beam line dedicated to material science research at 
                      IUAC, New Delhi. A schematic diagram showing the principle of 
                      acceleration of ions in pelletron. [Reproduced from ref. 42] 
Modifications in the characteristics of the manganite thin films due to the swift 
heavy ions irradiation is an exciting but not yet fully understood area of research [40, 
41]. The study of the swift heavy ion (SHI) irradiation is an important technique to create 
controlled defects in thin films. It is an established fact that SHI irradiation is responsible 
for the dramatic changes in the transport and magnetic properties of manganites because 
it creates the effects like: changes in the surface morphology, magnetic anisotropy, 
columnar or point defect formation, amorphaizasion of the material, etc [40, 41].     
Figure 1.15 shows the photograph of the beam line dedicated to material science research 
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at IUAC, New Delhi, while schematic diagram showing the principle of acceleration of 
ions in pelletron is shown next to the photograph. 
It is interesting to study, the modifications in the resistive and magneto transport 
properties induced by the point or columnar defects formed by the irradiation of Ag+15 
ions on Pulsed Laser Deposited CMR thin films and multilayered structures. The 
creation of point or columnar defects, act as scattering centers for the conduction of the 
carriers resulting in an increased peak resistivity. The magnetic field application can 
reduce the scattering resulting in an enhancement of MR. Usually the SHI studies are 
carried out on manganite thin films so that the ion can pass though the sample and finally 
strike the substrate. SRIM calculations are useful for the determination of electronic & 
nuclear energy loss of energetic ion on their passage through the material. 
1.4 Motivation of the Present Work 
The LaMnO3 manganite possesses ABO3 type perovskite structure and is an 
antiferromagnetic insulator (AFI) below 170K.  On substituting divalent cations at 
trivalent La3+ site, the resulting composition La1-xAxMnO3 (where, A is divalent cation) 
display interesting correlated transport, magnetic and magnetoresistive properties. The 
physical properties of these compounds are determined by three main factors; i) the 
divalent doping at the La-site (which determines the ratio of Mn3+/Mn4+) ii) the average 
A-site cation radius and iii) size-disorder at the A-site. Depending upon these factors, the 
exchange interaction between the Mn3+ and Mn4+ ions via oxygen, largely known as 
Zener Double Exchange (ZDE), comes into play and drives the material to exhibit 
insulator to metal transition at TP and paramagnetic to ferromagnetic transition at TC. In 
the vicinity of TP, the resistivity drops by a large magnitude on the application of an 
external magnetic field, thus making these materials to exhibit a large negative MR. 
 The application potential of manganites has prompted to synthesize them in thin 
film forms. The study of epitaxial films enhances our understanding of various physical 
properties of manganites in the absence of dominating grain boundary effects. In addition 
to observation of the CMR effect and the occurrence of metallic phases with a fully spin-
polarized conduction band, these new materials have potential applications in variety of 
magnetic and recording devices. For this, it is necessary to master the growth of high 
quality thin films with controlled and tailored properties. Progress in the growth of 
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epitaxial thin films opened up a way for the application of magnetic oxide materials in 
devices. 
The present research work is of major importance in the context of development of 
thin films and multilayered structures having low field, large CMR effect observed near 
RT. It is speculated that, various thin films of the mixed valent manganites deposited 
using PLD technique will possess highly tunable transport and magnetic properties. To 
achieve this goal, I have grown the single crystalline La0.5Pr0.2Sr0.3MnO3 (LPSMO) thin 
films on the different single crystalline SrTiO3 (STO) and LaAlO3 (LAO) substrates with 
the varying thickness, having transition temperatures (TP) in the vicinity of the RT which 
exhibits relatively high a MR  ~ 60-70 % around RT in 5 T field. Field dependencies of 
MR at different temperatures show that, MR % increases appreciably above 200 K & has 
a maximum value of ~ 82 % at 275 K. Also these films exhibit, the half metallic nature 
in a wide range of temperature (5-220K) which is highly useful physical property in 
application as spin injector device. 
 Swift Heave Ions are known to produce the wide variety of defects and lattice 
distortions in the material, which creates modifications in the electronic transport and 
magnetic properties. Observation of large change in the structural, electronic transport, 
magnetic and magnetotransport properties of the La0.7Ca0.3MnO3 have been studied as 
function of irradiation doses (1010-1014 ions/cm2). It is found that physical properties 
changes gradually up to a dose of 1013 ions/cm2; however, drastic change occurs when 
the sample is irradiated at the higher dose of 1014 ions/cm2. Also columnar defects and 
points defects are created in the manganite thin films due to the SHI irradiation.  The 
observed modifications in the noise properties and temperature sensitivity of the 
irradiated La0.75Ca0.5MnO3 thin films are consistent with general expectation concerning 
the effect of SHI irradiation induced lattice defects. 
 In the present work, an effort is made to study the thickness dependent irradiation 
effects on the electronic and magneto transport properties of the La0.5Pr0.2Ba0.3MnO3 
(LPBMO) manganite thin films. It is shown that, the columnar defects formed due to 
SHI irradiation of LPBMO film, release the strain at the interface of film and substrate in 
the lower thickness films resulting in to the decrease in the resistivity, while a large 
damage caused by the energetic ions with increasing thickness, creates more scattering 
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centers and enhances resistivity resulting in to higher values of Temperature Coefficient 
Resistances (TCR). 
During the course of present work, I have grown few manganite heterostructures of 
LPSMO/Al2O3/LPSMO with an aim to improve the MR in the vicinity of the RT. It is 
seen that, in such a multilayered structure, observation of large MR (~77 %) in the 
vicinity of TP (~ 210 K) is mainly due to magnetic field controlled spin fluctuations in 
the scattering barrier of Al2O3. At low temperatures, hysterisis in the MR vs. H curve of 
these multilayers indicate a percolative transport behavior through the FMM manganite 
layer impregnated with the scattering barrier, which seems to be responsible for the large 
MR (~39 %). Temperature Coefficient of Resistance (TCR) for the heterostructure is 
found to be almost twice that of the parent LPSMO thin film. Observation 
of large field sensitivity (~ 20 %) in the 0.5 Tesla field, can be of interest for the 
application of such a multilayered manganite as a field sensor. In addition, it has been 
shown that how the substrate induced strain, oxygen annealing and other preparative 
factors affect the physical properties of the films under study. 
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Details of the various chapters comprising the present thesis are as below 
Chapter I 
This chapter introduces in brief, the phenomenon of CMR in mixed valent 
manganites from physics and application point of view. Various physical properties 
exhibited by CMR materials are described in detail. Also, the properties and phenomena 
exhibited by CMR thin films and multilayered structures are discussed, followed by 
description about their applications in magnetic recording, memory, sensors, spin valves, 
etc. In addition, the effects of Swift Heavy Ions (SHI) irradiation on the modification in 
properties of manganite thin films have been discussed in the light of controlled defects 
introduced by SHI. At the end of this chapter, motivation for present work has been 
given.  
Chapter II 
Chapter II describes, in short, various experimental tools and methods used for 
characterization of the bulk & thin films manganites studied in the present work. The 
synthesis of the thin films by Pulsed Laser Deposition (PLD) and Chemical Solution 
Deposition (CSD) techniques are described in detail. The details about the Rietveld 
method for the analysis XRD data has been emphasized to explain the phase formation 
and other structural details. The basic principle and description of the various techniques 
such as d.c. four-probe method for resistivity measurements, d.c. and a.c. magnetization 
measurements, magnetoresistance measurements, their need and importance as a 
characterization tool has been discussed. The principle and working of the various 
instruments such as Pulsed Laser Deposition system, Atomic Force Microscope, SQUID 
magnetometer, Physical Property Measurement System (PPMS) used to characterize of 
the samples studied has also been given in this chapter.  
Chapter III 
In this chapter, a detailed study of the structural, transport and magnetotransport 
properties of the La0.5Pr0.2Sr0.3MnO3 (LPSMO) manganite thin films deposited on LAO 
and STO substrates with varying thicknesses have been given. From the electronic 
transport and fitted ρ-T data in the magnon scattering laws, it has been proved that, 
LPSMO films posses half metallic behavior in a wide temperature range (5 to 200 K) 
which is absent in the case of LSMO films. Also, thickness and substrate effects on the 
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transport and magnetotransport properties are discussed in detail in this chapter. 
Phenomenon of release of strain at the film-substrate interface due to the SHI irradiation 
has been discussed briefly and is explained in terms of the dominance of the dead layer 
in thinner film and ion induced annealing and damage in the crystalline structure of the 
films. 
Chapter IV 
This chapter is completely devoted to the investigations on the SHI irradiation 
studies on the La0.5Pr0.2Ba0.3MnO3 (LPBMO) manganite thin films. The studies on 
thickness dependent SHI irradiation effects on the electronic transport of the LPBMO 
thin films shows that, with increasing irradiation dose, there is a significant enhancement 
in resistivity and decrease in the TP of the 200 nm film while there is no appreciable 
change in 50 nm thin film. The cause for such behavior may be either due to (i) a large 
damage generated by the energetic ions with increasing thickness, which creates more 
scattering centers and enhances resistivity or (ii) the presence of columnar tracks which 
may cause a local release of strain at the film-substrate interface which increases the 
conductivity in low thickness films. In addition, we have studied the effect of the SHI 
irradiation on the low temperature minima and has shown that defects reduces the role of 
inelastic scattering in the resistivity resulting in to broadening effect in the minima 
curves. 
Chapter V 
In this chapter, results of studies on electronic and magnetotransport properties of 
the manganite - based multilayered structure of LPSMO/Al2O3/LPSMO grown by the 
Pulsed Laser Deposition (PLD) are given. It is shown that, how the sandwiched insulting 
Al2O3 barrier between the two ferromagnetic LPSMO layers, is responsible for providing 
the spin scattering centers which can be controlled by the external applied field resulting 
in high MR in the multilayer as compared to LPSMO thin film. In addition, the study on 
the oxygen annealing effects on the physical properties of the manganite multilayers 
show that, these multilayers are useful for field sensing application. At the end of this 
chapter, a comparative study of physical properties of LCMO manganite thin films 
grown by Chemical Solution Deposition (CSD) and Pulsed Laser Deposition (PLD) 
technique has been given. 
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2.1 Synthesis Methods 
The synthesis of materials with desired physical properties has been an area of 
increasing vitality and importance in the past few years. New phenomena arise because 
the size of the resulting materials is of the same order as the fundamental interaction 
distances which gives rise to new  physical phenomena and enabling new technologies. 
In the PLD technique, dense and single-phase bulk target is used for the ablation process 
to make good quality films. Therefore, the selection of sample preparation method is a 
crucial factor. The synthesis of polycrystalline bulk target samples is broadly divided 
into two categories namely; 1) solid state reaction method and 2) chemical route 
comprising sol-gel technique, nitrate route, co-precipitation technique, etc. [1-3]. Due to 
its simplicity, all the bulk polycrystalline samples studied during the course of present 
work have been synthesized using the solid-state reaction method. In order to prepare a 
single-phase sample, the synthesis conditions during any reaction are very important. 
During synthesis, the parameters such as temperature, pressure, gas flow and time for the 
reaction are needed to be varied according to the phase requirements in the sample. 
Mapping of all variables has to be made to select the conditions, which are best suited for 
each material and phase. In the CSD technique, we have used co-precipitation technique 
in which the mixing, stirring and heating of appropriate stoichiometric quantities of the 
metal acetates in a distilled water and acetic acid resulted in a clear solution of the 
constituents used for deposition. In CSD method, the parameters such as temperature and 
annealing time were varied to achieve desired physical properties. 
2.1.1 Ceramic method  
The most common method of synthesizing inorganic solids is by the reaction of 
the component materials at elevated temperatures. If all the components are solids the 
method is called the ceramic method. As the name suggests, the solid form of the 
constituents are reacted at high temperatures for a certain minimum period of time which 
is generally attained by resistance heating. The general procedure involved in solid-state 
reaction method for producing mixed valent manganite oxides is described below.  
In the present work, firstly the stoichiometric composition of constituent 
materials in the form of carbonates, oxides, nitrides, etc. (all 99.99% pure Aldrich make) 
were preheated for appropriate time and temperature (350°C to 550°C) to remove the 
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low temperature volatile impurities and then weighed in proportionate quantities 
according to the desired composition. In the solid state reaction, for the reaction to take 
place homogeneously, it is very important to mix and grind the powders thoroughly for 
long duration to obtain homogeneous distribution in required proportions of the desired 
stoichiometric compound. The proper grinding of mixed powders using pestle-mortar 
decreases the particle size, which is necessary for obtaining close contact among the 
atoms so the right material is formed. This powdered mixture is then heated in air at 
about 950oC. During the first calcination, CO2 is liberated from the mixture. After 
successive calcinations, the compounds are reground, palletized and sintered for a long 
time (~100 hours) in the temperature range 1100oC - 1250oC. Before every sintering of 
samples, the samples were ground throughly to obtain back powders until the particle 
size reduced to ~ 40 micron size by using suitable sieves and then pressed into 
cylindrical pallets. Many intermediate grindings are required to get appropriate phase 
formation and phase purity. These heatings in atmospheric conditions are required to 
obtain single phasic material and to release the remaining CO2, if any. The final sintering 
is carried out at a sufficiently high temperature (in the range 1300-1400oC) to get the 
better crystallization. The furnace is turned off and the samples are left inside to cool to 
RT.  
The solid-state reaction method has proved to be the most suitable for synthesizing 
reproducible samples of CMR manganite oxides. The similar oxygen annealing is not 
important for manganites as these materials posses good stability of oxygen 
stoichiometry.   
2.1.2 Laser ablation Technique                                            
The interest in the use of  Pulsed Laser Deposition (PLD) technique for the thin film 
synthesis is mainly due to the good quality of films of mixed oxide materials prepared 
using this technique as compared to other methods. This technique is also used to deposit 
the thin films of multicomponent oxides such as ferroelectric and ferrites [4, 5]. The 
ease, with which oxide ceramic materials can  be grown as high quality thin films using 
PLD method, makes it as important technique for the growth of oxide thin films. In the 
present work the PLD technique is used to synthesise the manganite thin films and 
multilayers structures. 
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Figure 2.1: A schematic illustration of a typical pulsed laser deposition (PLD) system. 
A schematic illustration of a typical PLD system is as shown in fig.2.1. Usually, 
Excimer laser is used for deposition. Between the ouput port of the laser and the  port of 
the deposition chamber, optical elements are placed in order to steer and focus the laser 
beam. The optical elements that couples the energy from the  laser to the target are leses 
and aperatures, such as mirrors, beam splitters, and laser windows. Once the laser beam 
passes through the optical elements it enters the deposition system and is focused onto 
the surface of the target. All the elements in the target are then repidly heated up to their 
evaporation temperature. The emitted materials tend to move towards the substrate, and 
condense on the substrate. Well polished substrate located at a typical distance from the 
target is stationary or rotated for homogenization of the deposited material. The 
temperature of the substrate may be kept between RT and 850oC. This temperature 
depends upon the nature of material used for ablation. A gas supply is often provided to 
produce desired chemical reaction during film growth. Mixed oxide materials are prone 
to loose oxygen during the deposition. Therefore, during deposition of such oxide 
materials, certain optimum partial pressure of oxygen is maintained during the 
deposition. During the course of present work, the O2 partial pressure was maintained at 
400 mTorr. The vacuum chamber is made up of stainless steel and is evacuated down to 
10-6 bar by using a turbo pump. 
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The most important feature of PLD is that, the stoichiometry of the target can be 
retained in the deposited films. This is the result of the extermely high heating rate of the 
target surface (~108K/s) due to pulsed laser irradiation. It leads to the congruent 
evaporation of the target regardless of the vaporizing temperature of the constituent 
elemments of compounds of the target.  
To synthesise the thin films of manganites studied during this work, Q-Swiched 
Nd:YAG laser with the wavelength of 6nm, the energy density of  2.17 J/cm2 and KrF 
excimer gas laser with the wavelength of 25nm and the energy density of ~ 3.1 J/cm2  
were used.The details of deposition condition and parameters used for Nd: YAG and KrF 
lasers are discussed in chapters 3 and 4 respectively. 
Principle of PLD 
The principle of pulsed laser deposition is a very complex physical phenomenon. It 
comprises many processes in a chain namely, 1) the physical process of the laser-
material interaction on solid target followed by 2) the formation of plasma plume with 
high energetic species and 3) the transfer of the ablated material through the plasma 
plume onto the heated substrate surface. Firstly, the pulsed laser beam is focused onto 
the surface of the target. This laser beam strikes the surface of the target material with 
sufficiently high energy and short pulse duration, which results into the rapid heating of 
the target elements up to their evaporation temperatures. Because of such a high energy, 
the elements are dissociated from the target surface and ablated out with stoichiometry as 
in the target. In most materials, the ultraviolet radiation is absorbed by only the 
outermost layers of the target up to a depth of ~ 1000 Å. The extremely short laser pulses 
(<50 ns) rapidly increase temperature of the surface to thousands of degrees Celsius, but 
the bottom of the target remains virtually unheated. Such un-equilibrium heating 
produces a flash of evaporated elements that deposit on the substrate, producing a film 
with composition identical to that of the target surface. Rapid deposition of the energetic 
ablation species helps to raise the substrate surface temperature. In this respect PLD 
tends to demand a lower substrate temperature for crystalline film growth. 
2.1.3 Spin coating method                                          
Chemical Solution Deposition (CSD) using a spin coater is another technique to 
obtain the polycrystalline and single crystal thin films and is highly inexpensive 
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technique as compared to PLD and sputtering methods. By using, CSD method, epitaxial 
and polycrystalline thin films can be deposited through many routes. The synthesis of the 
manganite thin films was carried out by dissolving the stoichiometric amounts of metal 
acetates such as La(CH3COO)3, Ca(CH3COO)2 and Mn(CH3COO)2 in acetic acid and 
distilled water. This precursor solution was then heated (80 oC) and stirred until the clear 
aqueous solution formed which was used for the thin film deposition. Thin films were 
then heated at 350 oC and annealed at different temperatures varying from 700 oC to 1100 
oC. The CSD method helps in controlling the particle size by varying the rpm (rotations 
per minute) of the spin coater. The deposited thin films sintered at different temperatures 
will decide the connectivity and compactness of the thin films. The deposition 
parameters can be optimized to obtain physical properties of the thin films exhibiting 
large magnetoresistance in low fields and near room temperature. 
2.2 Structure and surface morphology  
   The X-ray diffraction technique, in addition to its major use in analysis of 
crystal structures, finds a multitude of other applications in material science. Indeed 
much of our knowledge of the microscopic world has been derived from the persistent 
use of X-ray techniques. X-ray diffraction technique is highly useful in determination of 
phase purity of bulk polycrystalline material and expitaxy of the thin film.  In the same 
way, surface morphological studies are of importance for the understanding of the films 
growth on the different substrate as well as grain size and surface roughness. Also 
surface morphology is highly useful to observe the defects created by the irradiation on 
the film surface, which has large impact on the physical properties and microstructure. 
During the course of work of this work, XRD measurements have been carried out on all 
the bulk targets and thin films to ascertain the structural purity and other important 
crystallographic information such as compressive and tensile strain and particle size. To 
study surface morphology of the pristine and irradiated thin films, I have used Atomic 
Force Microscopy (AFM) technique. The details of these two techniques is given in next 
section. 
2.2.1 X-ray diffraction (XRD)       
X-rays are electromagnetic waves whose wavelengths are in the neighborhood of 
1Å. Except for the fact that their wavelength is so short, they have the same physical 
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properties as other electromagnetic waves, such as optical waves. The wavelength of an 
X-ray is thus of the same order of magnitude as the lattice constants of crystals and it is 
this which makes X-rays useful in the analysis of crystal structures [6, 7]. 
  
Figure 2.2: Reflection of X-rays from a crystal. The reflected rays are nearly parallel 
                 because the detector is positioned far form the crystal. A smallest building  
                 block of unit cell.
When a monochromatic X-ray beam is incident on the surface of a crystal, it is 
reflected. However, the reflection tales place only when the angle of incidence has 
certain values. These values depend on the wavelength and the lattice constants of the 
crystal, and consequently it seems reasonable to attempt to explain the selective 
reflectivity in terms of interference effects, as in the physical optics. If we consider a 
crystal as a series of planes with their inter-atomic distance being‘d’. Then the incoming 
X-ray, with wavelength, λ, will undergo scattering and interfere constructively only with 
that from adjacent planes at special angles ‘θ’, that satisfies the Braggs condition 
(Fig.2.2),  
                                             n.λ = 2dsinθ 
A crystal contains parallel planes along three different axes, so the actual measured 
values of θ vary with the alignment between the crystal planes and the incoming beam of 
X-rays. A plane perpendicular to the crystallographic a-axis is called the [100] plane; one 
perpendicular to b-axis is called [010] plane, and so on. Cell parameters a, b and c 
(length) and α,β, and γ angles between a, b, and c which can be determined by using 
XRD. 
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Figure 2.3: Basic factures of typical XRD experimental setup for the thin film 
                    measurement. 
 
 
 
 
Picture 2.1: A modern automated X-Ray diffractometer. 
Figure 2.3 shows the schematic diagram of experimental setup for determination 
of the structure of thin films using XRD. The Picture 2.1 shows the modern automated 
X-ray diffractometer. Powder XRD (X-ray Diffraction) is the most widely used x-ray 
diffraction technique for characterizing polycrystalline materials [8]. From the XRD 
measurements, we can study the phase purity, crystallographic perfection, orientation 
relationship, and lattice constants of the manganite bulk and thin films. 
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 Rietveld Analysis 
The Rietveld method refines a XRD data by comparing the observed diffraction 
pattern with the calculated from the known crystal structure. A least-square refinement is 
used to optimize the structure parameter [9,10]. 
The refinements of the XRD data of all the bulk samples studied were made 
using FULLPROF program. The order of refining the parameters was: the scale factor, 
the zero point for 2θ, five of the background parameters, the cell parameters, three of the 
peak shape parameters, the z co-ordinates, the isotropic displacement parameters, the 
occupation numbers, the fourth peak shape parameter, the anisotropic displacement 
parameters and the last background parameter. A few different routes to convergence 
were tried to confirm an optimal result. The R factors are good indicators if a route is not 
converging to a reliable result. Obtained cell parameters of bulk material are used to 
index the XRD peaks of the thin films.  
Applications of XRD 
 XRD is nondestructive technique 
 To identify crystalline phase and orientation 
 To determine structural properties: Lattice parameters, strain, grain size, 
expitaxy, phase composition, preferred orientation (Laue) order-disorder 
transformation, thermal expansion 
 To measure thickness of thin films and multi-layers 
 To determine atomic arrangement 
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2.2.2 Atomic force microscopy (AFM)   
 The atomic force microscope (AFM) was invented in 1986 by Binnig, Quate and 
Gerber [11]. Like all other scanning probe microscopes, the AFM utilizes a sharp probe 
moving over the surface of a sample in a raster scan. In the case of the AFM, the probe is 
a tip on the end of a cantilever, which bends in response to the force between the tip and 
the sample. When the probe is scanned over the surface, the cantilever responds to 
valleys and other features of the sample surface that it encounters. These reactions are 
recorded and produce an image of the material’s surface showing the presence of humps 
and valleys on the surface, resembling a surface topographic map. 
 
Picture 2.2: The Multimode model 
AFM uses sample scanning to obtain 
topographic and phase imaging of the 
surface and hence the sample size is 
limited to ~ 1 cm2. This equipment can 
image samples using the Contact mode, 
Tapping mode and Imaging under 
liquid. In addition this equipment is 
capable of imaging under variable 
temperature from room temperature up 
to 250°C. 
One method of AFM is the use of contact mode where the cantilever remains in 
contact with the surface during scanning. When it encounters variations in the surface it 
responds by deflecting to follow the contours. This process produces accurate 
topographical maps of the surface for many different samples, but there are some 
unwanted drawbacks. With the cantilever in continuous contact of the sample, damage to 
the surface can occur which can then alter both the resulting image and properties of the 
material.  
To counter this problem, a new method called tapping mode was developed. In 
this process, the cantilever arm is oscillating at a resonant frequency as it scans the 
surface. When the tip begins to lightly touch the surface, a sensor reverses the motion of 
the cantilever to continue the oscillation. The tip then intermittently touches the surface, 
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instead of being dragged avoiding damages. But since the cantilever is not in continuous 
contact with the surface, a method of measuring the differences in the surface height 
must be determined. This results from changes in the amplitude of oscillation of the 
cantilever. When it encounters bumps on the surface, the amplitude of oscillation is 
reduced. Conversely, valleys or depressions cause the amplitude to increase. By 
recording these changes, an accurate topographical map can be produced without 
damaging the surface of the material. To ensure that the oscillation and amplitude remain 
fairly constant, a digital feedback loop is also implemented. 
 AFM use feedback to regulate the force on the sample. The presence of a 
feedback loop is one of the subtler differences between AFM and older stylus-based 
instruments such as record players and stylus profilometers. The AFM not only measures 
the force on the sample but also regulates it, allowing acquisition of images at very low 
forces. 
 
Figure 2.4. The AFM feedback loop. A compensation network monitors the cantilever 
                     deflection and keeps it constant by adjusting the height of the sample. 
The feedback loop (Fig.2.4) consists of the tube scanner that controls the height 
of the entire sample; the cantilever and optical lever, which measures the local height of 
the sample; and a feedback circuit that attempts to keep the cantilever deflection constant 
by adjusting the voltage applied to the scanner. One point of interest: the faster the 
feedback loop can correct deviations of the cantilever deflection, the faster the AFM can 
acquire images; therefore, a well-constructed feedback loop is essential to microscope 
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performance. AFM feedback loops tend to have a bandwidth of about 10 kHz, resulting 
in image acquisition times of about one minute.  
 
Figure 2.5: A schematic illustration of AFM set-up while topographic imaging uses the  
                    up-and-down deflection of the cantilever, frietion imaging uses torsional  
                   deflection. 
Almost all AFMs can measure sample topography in two ways: by recording the 
feedback output ("Z") or the cantilever deflection ("error") [see fig.2.4]. The sum of 
these two signals always yields the actual topography, but given a well-adjusted 
feedback loop, the error signal should be negligible. As described below, AFMs may 
have alternative imaging modes in addition to these standard modes. If the scanner 
moves the sample perpendicular to the long axis of the cantilever (Fig. 2.5), friction 
between the tip and sample causes the cantilever to twist. A photodetector position-
sensitive in two dimensions can distinguish the resulting left-and-right motion of the 
reflected laser beam from the up-and-down motion caused by topographic variations 
[12]. 
 
 
Picture 2.3: 2.5 x 2.5 nm simultaneous 
topographic and friction image of highly 
oriented pyrolytic graphite (HOPG). The 
bumps represent the topographic atomic           
corrugation, while the coloring reflects 
the lateral forces on the tip. The scan 
direction was right to left. 
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Therefore, AFM can measure tip-sample friction while imaging sample 
topography. Besides serving as an indicator of sample properties, friction (or "lateral 
force," or "lateral deflection") measurements provide valuable information about the tip-
sample interaction. Picture 2.3 shows a simultaneous friction and topographic image of 
graphite atoms in 3-D projection is shown as above. Each bump represents one carbon 
atom. As the tip moves from right to left, it bumps into an atom and gets stuck behind it. 
The scanner continues to move and lateral force builds up until the tip slips past the atom 
and sticks behind the next one. 
2.3 Electronic Transport and Magnetoresistive Properties   
  The bulk samples, targets, thin films and hetrostructured studied during the 
preset work were characterized for their electrical and magneto transport properties by 
using the experimental techniques described below. 
2.3.1 D.C. four-probe method        
Transport property measurements of the manganite thin films were carried out using 
standard four –terminal method on a Quantum Design PPMS system [13]. The PPMS 
system can conduct the measurements in the temperature range of 1.9 - 350K. 
Temperature sweep capability allows measurements to be taken while sweeping the 
temperature at a user defined rate (0.01-6 K/min). Continuous low temperature control 
(CLTC) ensures precise temperature control. The PPMS has a superconductor magnet, 
which can provide a magnetic field up to 9 Tesla with the uniformity of 0.01% over a 5.5 
cm×1cm diameter cylindrical volume. The low noise, bi-polar power supply allows 
continuous charging through zero field with current compensation and over-voltage 
protection. The resolution of the field control is 0.02 mTesla up to 9 Tesla. A schematic 
illustration of the PPMS probe is shown in Figure 2.6.  Samples were mounted on 
removable platforms (see picture 2.4). A thermometer, in direct contact with the 
platform, accurately determines the sample temperature. The rotator can sweep the 
angular range from-10 oC to 370 oC , with the step size of 0.053° for standard resolution. 
A low contact resistance is desirable due to the small resistance of the samples. To fulfill 
this requirement, standard four-probe method was used for measuring resistance of the 
samples [14]. To measure the resistivity using this technique, the samples were cut in a 
rectangular bar shape using a diamond saw. For making electrical contacts of the probes 
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with the sample silver paint was used. Fine slurry of the silver paint was made by 
dissolving it with an appropriate solvent (n-butyl acetate or thinner). This silver paste 
was applied at the ends for current and voltage contacts. Due to very less resistance, thin 
copper wires were connected with silver paint as shown in fig.2.6 and the whole 
assembly was attached to a sample holder (see picture 2.4), where the wires were 
connected with leads to the measurement instruments. Such a sample holder is known as 
resistivity puck for measuring resistivity using a Physical Property Measurement System 
(PPMS). 
 
Figure 2.6: Four probe contacts used in the resistivity measurements. 
 
 
Picture 2.4: Sample rotator with sample mounting platform (Reproduced from the  
                      Ref. 13). 
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Figure 2.7: A schematic illustration of the PPMS 6000 probe 
                   (Reproduced from the Ref. 13). 
2.3.2 MR measurements (Low field and High field)   
To study magneto resistive characteristics of the samples, resistance was measured 
by using the standard four probe method as explained in the previous section, in the 
presence of an external magnetic field in a Quantum Design Physical Property 
Measurement System (PPMS). At a constant applied field, resistance was measured as a 
function of temperature (magneto R-T) in the range of RT-5 K. All the manganite 
samples studied in the present work were characterized by using this technique. 
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2.4 Magnetic susceptibility and magnetization measurements  
2.4.1 D.C. magnetization         
Superconducting Quantum Interference Device (SQUID) magnetometer is the most 
powerful, sensitive and widely used instrument for magnetic characterization in material 
science [21]. This device works on the principal of quantum interference produced using 
Josephson junctions. This Josephson junction (sensor) mainly consists of the 
superconducting ring interpreted by a thin insulting film called weak link. The sensor 
and its pick up system is sensitive to change in the magnetic fluxes and thus to the 
change of the magnetization of magnetic material as a function of temperature, magnetic 
field and time. The SQUID has one or more Josephson junctions as its active element.  
In most practical systems in use today, the SQUID is located inside a small 
cylindrical, superconducting magnetic shield in the middle of a liquid helium Dewar. 
The schematic diagram of the SQUID measurement probe is shown in the fig.2.8. 
Superconducting pickup coils, typically configured as gradiometers that detects the 
difference in one component of the field between two points, are located at the bottom of 
the Dewar, and are placed beneath the magnetometer. The rest of the hardware is 
designed to minimize helium boil off, eliminate rf interference, and avoid Johnson noise 
or any external distortion a. c. fields. If a constant biasing current is maintained in the 
SQUID device, the measured voltage oscillates according to the changes in phase at the 
two junctions, which depends upon the change in the magnetic flux. The flux change can 
be evaluated by counting the oscillations. It may be noted that the sensitivity of SQUID 
is 10-14 Tesla, which is incredibly large to measure any magnetic signal. 
The above-mentioned measurement systems are used for d. c. magnetization and M 
versus H measurements of the samples. For d. c. magnetization a small external field is 
applied and χ is measured as a function of temperature at constant applied field. For M-H 
measurements, magnetization is measured at a constant temperature while magnetic filed 
is varied up to a certain value of positive and negative applied field. The most common 
units for the magnetic moment is emu. The natural unit of the magnetization is thus 
emu/g or emu/cm3. If one can estimate the number of atom in the sample then one can 
also calculated the magnetic moment per atom in µB. 
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Figure 2.8: A schematic diagram of the SQUID sample measurement probe 
                   (Reproduced from the Ref. 15) 
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2.4.2 A.C susceptibility           
In ac susceptibility ( χ ac) measurements the magnetization is probed by a small 
sinusoidal field of frequency f. The susceptibility measurement provides the information 
about the curie temperature (TC), magnetic ordering in the materials. 
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Figure 2.9: Temperature dependence of the FC and ZFC magnetization. 
If a magnetic material get magnetized in the direction of the magnetic flux lines and 
shows a certain finite magnetic susceptibility ( χ ), which is defined as ratio of 
magnetization (M) to the applied magnetic field (H). The dynamic susceptibility has two 
components: one component is in-phase ( χ ′ ) with the excitation while other one is a 
dissipative out of phase ( χ ′′ ) component. Susceptibility can be measured on cooling or 
heating the sample.   
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3.1 Bulk and Pristine Thin film studies 
In the recent years, renewed interest in the studies on manganite ceramics and 
their thin films has been accelerated due to the potential applications of these materials in 
bolometers, magnetic field sensors and computer read heads. Hole doped manganites of 
the type RE1-xAxMnO3 (RE being rare earth ion and A divalent ion such as A=Ca, Sr, Ba 
and Pb) having perovskite structure are being revisited and their magnetoresistance (MR) 
properties have been studied in detail [1-3]. Alongwith the search for new materials 
which exhibit colossal magnetoresistance (CMR) effect under low applied fields, the 
research is also focused on synthesizing the manganites having insulator to metal 
transition (TIM) and paramagnetic to ferromagnetic transition (TC) above room 
temperature (RT). In order to achieve this, many groups have tried to substitute various 
types of dopants at A-site (RE, A) and B-site (Mn) in ABO3 type RE1-xAxMnO3 
manganites [4-7]. Also several efforts are underway to enhance the MR by doping of 
small size cation at rare earth site and substitution of various magnetic and non-magnetic 
ions at Mn-site [8, 9]. This suggests that, physical properties of CMR materials strongly 
depend on the A-site cation mismatch or size variance.  The two-manganite systems, 
which have been extensively studied, are, La0.7Ca0.3MnO3 (LCMO) and La0.7Sr0.3MnO3 
(LSMO). LCMO is narrow bandwidth system having TC and TIM much below RT with 
large MR while LSMO is a large bandwidth system having TC and TIM above the RT 
with low MR. 
Studies on the LSMO system are carried out in the present work, on the epitaxial 
films and multilayered structures in the context of enhancement in their MR behaviour 
near RT in low applied field. Our main interest in studying the Pr doped La0.7Sr0.3MnO3 
(LSMO) based manganite system is to study the effect of size variance (σ2 ~ 0.00249) 
due to substitution of La by Pr in this system. It has been reported that, for the LSMO 
thin films, electronic transport and magnetic properties of the system are extremely 
sensitive to strain at the interface of the film and substrate [10, 11]. This has been 
attributed to the lattice mismatch between the film and the substrate, oxygen deficiency, 
deposition parameters like substrate to target distance, substrate temperature and oxygen 
partial pressure, etc. [12-14]. Grain boundary effect and the lattice strain effect are two 
factors, which are shown to create significant differences between the bulk and thin film 
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properties [15]. It has also been reported that, the small distortion in the Mn-O-Mn bond 
angle or bond length changes the transport and magnetotransport properties significantly 
[16, 17]. The Mn-O-Mn bond angles are highly affected by the strain which, amongst 
others, can also be produced due to the lattice mismatch between the single crystal 
substrate and sample film and hence due to substitution of the ion at M site. In present 
case, effect of replacing La by Pr+3 which increases the A-site size mismatch, results in  a 
large MR ~ 55% at RT. 
From application point of view, one of the interesting characteristics of 
manganites is its half – metallic ground state [18]. In the ground state, conduction 
electrons are perfectly spin polarized due to the strong Hund’s coupling between 
localized t2g spins and itinerant eg electrons [19]. This half metallic nature of manganites 
is widely used to understand various properties like spin valve mechanism and spin 
polarized current [20]. We have fitted the observed R-T data of La0.5Pr0.2Sr0.3MnO3 
(LPSMO) thin films in magnon scattering laws in which one-magnon scattering type of 
behavior is useful as an important test for half metallic behavior [21]. The results 
obtained on the studies on the structural, transport and magnetotransport properties of 
LPSMO thin films have been discussed in the context of cationic size disorder and 
substrate induced strain effects. 
Synthesis 
Polycrystalline bulk target sample of LPSMO was synthesized by using standard 
ceramic method. Dried powders of La2O3, Pr6O11, SrCO3, and MnO2 (all > 99.9% pure) 
were mixed in stoichiometric proportions and calcined at 950°C for 24 hours. The 
mixture was then ground, palletized and sintered in the temperature range of 1100°C - 
1400°C with several intermediate grindings. The final well-sintered 15mm diameter 
pellet was used as a target for the deposition of single crystalline epitaxial thin films of 
LPSMO using Pulsed Laser Deposition (PLD) technique. Third harmonic (355 nm) of a 
Q-switched Nd: YAG laser (6 ns) having energy density of about 2.17 J/cm2 at 10 Hz 
repetition rate was used for the ablation. Polished (h00) SrTiO3 (STO) and LaAlO3 
(LAO) single crystal substrates were placed in front of the target at a distance of 5.5 cm 
and heated to 740oC. The chamber was first pumped down to 10-5 bar. The laser 
deposition process was carried out at in an oxygen partial pressure of 400 mTorr. The 
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deposited films were having thickness of 50nm and 150nm. Various deposition 
parameters used are summarized in the Table 3.1. 
Table 3.1: Thin films deposition parameters. 
Laser used Q-switched Nd: YAG 
Laser frequency 10 Hz 
Laser Energy 2.17 J/cm2 
Pulse width 6 ns 
Substrate to target distance 5.5 cm 
Substrate heater temperature 740°C 
Oxygen partial pressure 400 mTorr 
Target used La0.5Pr0.2Sr0.3MnO3 
(Diameter – 15mm, thickness – 2mm) 
Substrate used Single crystal SrTiO3 (h00) &  
LaAlO3 (h00) 
 
The structure of the samples was analyzed using X-ray diffraction (XRD) and 
surface morphology was studied using Atomic Force Microscopy (AFM). The resistivity 
was measured as a function of temperature in range of 5K-320K and as a function of 
magnetic field recorded as 0T - 9T - (-9T) - 0T using PPMS facility at TIFR, Mumbai.  
 
3.1.1 Structure and Surface morphology 
3.1.1(A) Structure 
Structural refinement was carried out by rietveld fitting of the XRD patterns 
using standard FULLPROF programme [22]. Figure 3.1 shows the rietveld refined XRD 
pattern of the bulk polycrystalline LPSMO target showing that there is a good agreement 
between fitted and experimental patterns. The analysis reveals that, sample crystallizes in 
a distorted orthorhombic structure (space group: Pnma, no. 62) with the refined cell 
parameters namely, a = 5.512(3) Å, b = 7.791(2) Å and c = 5.548(2) Å.  
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Figure 3.1: A typical rietveld fitted XRD pattern of LPSMO bulk target. 
 
Structural characterization was carried out on all the LPSMO films by analyzing 
the XRD patterns obtained. X-ray diffraction patterns of 50 and 150nm LPSMO thin 
films deposited on the STO and LAO substrates are shown in figs 3.2. (A) & (B) and 
3.3.(A & B), respectively. It can be seen from the figures that, all the films exhibit only 
the (0k0) family of XRD peaks, suggesting the epitaxial growth of the films. Figure 3.4 
shows the XRD patterns of 150nm LPSMO films on the STO and LAO substrates in the 
log scale, to ensure that the there is no any impurity phase present in the samples. The 
influence of substrate strain is the main factor distinguishing manganite films from bulk 
manganite samples. The strain affects the properties of the manganite thin films. 
Consequently, to obtain and improve the desired properties, one needs to correctly 
understand the effects of the strain on the manganite thin films [23, 24]. 
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Figure 3.2. (A): A typical XRD pattern of 50nm LPSMO/STO film. 
                 (Inset of the figure shows the enlarged view of 040 peak). 
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Figure 3.2. (B): A typical XRD pattern of 150nm LPSMO/STO film. 
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Figure 3.3. (A): A typical XRD pattern of 50nm LPSMO/LAO film. 
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Figure 3.3. (B): A typical XRD pattern of 150nm LPSMO/LAO film. 
 
                                     
68
 
1
10
100
1000
10000
20 30 40 50
1
10
100
1000
2 θ  (degree)
(040)
(020)
(100)
(200)
STO
STO
 LPSMO
(150nm)
 
In
te
ns
it
y 
( 
a.
u 
)
(200)(100)
(020)
(040)
LAO LAO LPSMO
(150nm)
 
 
 
Figure 3.4: XRD patterns (plotted in log scale) for the 150 nm LPSMO thin films on the 
                    STO and LAO substrates.  
The lattice mismatch or strain in film at the interface was calculated using the 
formula, 
100×
−
=
substrate
filmthinsubstrate
d
dd
δ
………….………………….(1) 
Positive values of the mismatch correspond to the tensile strain whereas negative values 
describe compressive stress (for details, see chapter - 4). In the LPSMO films, use of 
STO substrate results into the tensile strain while LAO substrate produces the 
compressive strain on the film.  The Positive values of mismatch representing the tensile 
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strain in LPSMO/STO films are ~ 1.00 % for 50nm and ~ 0.80 % for 150nm films. 
Negative values of the mismatch corresponding to the compressive strain in 
LPSMO/LAO films are ~ -2.56 % and -2.04 % for the 50nm and 150nm films, 
respectively. In both the sets of films, mismatch is reduced with film thickness indicating 
the release of strain with thickness [11].  
3.1.1(B) Surface morphology 
The surface morphology of all the LPSMO films was studied using the AFM 
measurements. The pictures 3.1 and 3.2 show the surface topology of the 50nm and 
150nm LPSMO/STO films. The surface roughness analysis of both the film surfaces 
shows the RMS roughness ~ 1.048 & 1.970nm for 50 & 150nm films respectively 
(picture 3.1 & 3.2). In the similar manner pictures 3.3 and 3.4 show the topology of the 
50nm and 150nm LPSMO/LAO films having RMS roughness of the ~1.084 nm and 
~3.501 nm respectively. AFM images clearly indicate that, STO & LAO substrate have a 
large influence on the surface morphology. LPSMO films deposited on the STO 
substrate possess small grains as compared to films deposited on the LAO substrate. 
Also the LPSMO/LAO films have better grain connectivity as compared to LPSMO/STO 
films. From the comparison of surfaces of 50nm and 150nm LPSMO/LAO films, it can 
be clearly observed that, in the 150nm film, grain size is very large as compared to grain 
size of the 50nm film.  
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Picture 3.1: 2D AFM images and histogram for the roughness analysis of the 50nm  
                     LPSMO/STO thin film. 
 
 
 
 
 
 
     
 
Picture 3.2: 2D AFM images and histogram for the roughness analysis of the 150nm 
                     LPSMO/STO thin film. 
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Picture 3.3: 2D AFM images and histogram for the roughness analysis of the 50nm 
                     LPSMO/LAO thin film. 
 
 
 
 
      
 
 
Picture 3.4: 2D AFM images and histogram for the roughness analysis of the 150nm 
                     LPSMO/LAO thin film. 
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3.1.2: Electrical resistivity and magnetoresistance  
3.1.2(A): Electrical resistivity 
Figures 3.5 and 3.6 display the resistivity (ρ) versus temperature (T) plots for the 
50 and 150nm LPSMO films on the STO and LAO substrates respectively, in the 
temperature range 5-350 K under 0-5T applied fields. It can be seen from the plots that, 
LPSMO/STO films exhibit TIM ~ 295 K for 50nm and 328 K in 150nm film under 0 T 
field. 
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Figure 3.5: Resistivity vs. temperature plots of the 50 & 150nm LPSMO/STO films. 
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Figure 3.6: Resistivity vs. temperature plots of the 50 & 150nm LPSMO/LAO films. 
            The LPSMO/LAO films exhibit TIM ~ 308K for 50nm and ~328K for 150nm 
under 0T field. The degree of epitaxial strain on the lattice due to STO and LAO 
substrates in LPSMO films is expected to decrease with film thickness resulting in the 
higher TIM in the thicker films as compared to the lower thickness films [25]. Here it also 
notable that resistivity of the LPSMO/LAO films is lower than that of the LPSMO/STO 
films while the TIM value is higher as compared to that of LPSMO/STO films. This effect 
may be due to the different substrate induced strain such as tensile strain in case of STO 
substrate and compressive strain in the LAO substrate. An interesting aspect in ρ - T 
plots, with and without applied field is that, resistivity follows the same path in both the 
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cases below 200 K (Figs. 3.5 and 3.6) which indicates that, without any applied field, 
spins are fully polarized and all the films have TIM in the vicinity of the RT. Table 3.2 
lists the values of TIM (at 0T) and strain values calculated for both the sets of LPSMO 
films. 
Table 3.2: Values of TIM (at 0T) and δ for 50& 150nm LPSMO films on STO & LAO.              
 
Thin film Substrate Thickness 
(δ) 
Mismatch 
 
TIM (0T) 
LPSMO STO 50nm 1.00% 295K 
LPSMO STO 150nm 0.80% 328K 
LPSMO LAO 50nm -2.56% 308K 
LPSMO LAO 150nm -2.04% 328K 
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3.1.2(A)-1: Low temperature resistivity (Magnon Scattering) 
It is well known that the resistivity behaviour in the metallic region can be 
explained by electron-electron, electron-phonon and electron-magnon inelastic scattering 
mechanisms. To understand the ρ - T behavior and the underlying mechanism in detail, 
below the 200 K in metallic region, all the ρ - T curves of the films studied during this 
work were fitted using the equation, ρ(T) = ρ0 + BT
n  …………………………… (2) 
where, B is electron-magnon coefficient for corresponding scattering mechanism, ρ0 is 
residual resistivity of the sample, which is due to the contribution from various defects, 
domains, grain boundaries and other temperature – independent scattering processes and 
n is free parameter. If n = 2, the resistivity obeys electron-electron scattering, n = 2.5 
suggests that one magnon behavior is exhibited, n = 3 shows the unconventional one-
magnon scattering, whereas n = 4.5 and 7.5 correspond to two magnon scattering 
phenomenon [18, 21, 25-28]. Typical values of the residual resistivity (ρ0) are always 
less than 4×10-3 Ω cm, which can be considered as a check for the high quality of the 
samples. 
 To understand the low temperature resistivity behaviour in the case of CMR 
manganite, various researchers have reported different scattering mechanisms having n 
values ranging from 2-7.5, which are summarized as below. M. B. Salmon et al have 
shown that the T2 dependence of resistivity usually ascribed to the electron - electron 
scattering [25]. Kubo and Ohata et al have shown that resistivity varies as T2.5 due to 
minimal contribution from single magnon scattering [26], the proposition corrected by 
Xindong Wang and X.-G. Zhang suggesting that Anderson localization allows a nearly 
half-metallic ferromagnet to behave like a true half-metallic ferromagnet which shows 
that only  majority spin channel carries the current and single magnon scattering leads to 
a T2.5 temperature dependence of the resistivity has a significant contribution [27]. 
Nobuo Furukawa suggested that T3 dependence of resistivity (unconventional one-
magnon scattering)  is a crucial test for the search of half metallic behaviour in LSMO 
[18, 21, 28]. Two magnon scattering leading to T4.5 and T7.5 type temperature 
dependences has been suggested by Kubo and Ohata et al in which magnon processes are 
exponentially suppressed by a factor exp(-Eg/KBT), where Eg is the minority spin band 
gap at the Fermi energy.  
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Figure 3.7: Low-temperature resistivity fits to magnon-scattering law for 50 & 150nm  
                    LPSMO/STO thin films. The symbols are the experimental data points and  
                    the solid curves are the theoretical fits. 
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Figure 3.8: Low-temperature resistivity fits to magnon-scattering law for 50&150nm  
                    LPSMO/LAO thin films. The symbols are the experimental data points and 
                    the solid curves are the theoretical fits. 
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Figures 3.7 and 3.8 depict the low temperature ρ - T fits to eqn. (2) for 50 nm and 
150 nm LPSMO films on the STO and LAO substrates respectively, with and without 
field. Table 3.3 lists the values of various parameters derived from fitting the equation 
(2).  It can be seen from figs 3.7, 3.8 & Table-3.3 that, n value varies between 2 ≤ n ≤ 3 
with good fitting, which shows that at low temperature resistivity is mainly due to 
magnon carrier scattering. In the present studies we have fitted the ρ - T data in broad 
low temperature range of 5 – 200 K. From Table-3.3, it can be seen that, the ρ0  ~ 2 - 4 
mΩcm suggesting good quality of films. 
TABLE 3.3: Values of applied fields, coefficients of the fit to equation (2) and the  
                     normalized χ2 for 50 and 100nm LPSMO films.  
Film 
thickness 
(H) 
(Tesla) 
σ0 
(Ωcm) 
B × 10-9 n χ2  × 10-9 
 LPSMO/STO 
0 0.0039 1.40 3.00 20.9 
1 0.0038 2.00 2.90 20.3 
50nm 
5 0.0036 5.30 2.30 6.70 
0 0.0032 9.03 2.40 2.60 
1 0.0032 1.25 2.30 2.50 
150nm 
5 0.0032 1.72 2.31 07.4 
 LPSMO/LAO 
0 0.00187 0.91 2.50 1.92 
1 0.00188 1.18 2.87 1.52 
50nm 
5 0.00182 3.49 2.63 30.0 
0 0.00148 2.13 2.65 41.0 
1 0.00143 1.77 2.69 57.5 
150nm 
5 0.00162 5.13 2.49 27.8 
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We report for the first time, the observation of half metallic behavior in 50nm 
LPSMO/STO thin films in broad temperature range of 5-200K where in ρ - T obeys 
unconventional one-magnon scattering law (ρ ∝T3; n=3). N. Furukawa et al has reported 
the half metallic nature (ρ ∝T3) in the La1-xSrxMnO3 and Sm0.6Sr0.4MnO3 bulk samples in 
the temperature range up to 50 K [18]. The 150nm LPSMO/STO films exhibit T2.5 type 
resistivity dependence, suggesting one-magnon scattering mechanism responsible for 
charge conduction. The 50 & 150nm LPSMO/LAO films obey the one-magnon 
scattering behaviour up to temperature range up to 200K (Table 3.2). These observations 
on the ρ(T) behaviour of LPSMO/STO & LPSMO/LAO films, supports the argument 
that, resistivity in these films has no contribution from grain diffusion. As observed by 
Gupta et al., even grains of the order of 10 µm have strong effects on both ρ0 and ρ(T) at 
low temperatures [29]. In fact, due to the diffusion at grain surface, the ρ0 becomes 
higher and the behavior of ρ changes as a function of temperature, as described above. In 
our case, ρ0 is in the order of mΩ and hence this reason is ruled out for the anomalous 
magnon scattering behaviour. Two possibilities exist, which are responsible for magnon 
scattering in the LPSMO films, namely, substrate induced strain and another is A-site 
size variance. We have deposited LPSMO films on both the STO & LAO substrates 
resulting into different strains, namely compressive and tensile. In both the sets of films 
the magnon scattering is explained. Hence we can say that, it is the intrinsic property of 
the material and the reason behind observation of such behavior may be attributed to the 
Pr+3 substitution at A-site, which induces A-site size variance in broadband LSMO 
system and change the Mn-O-Mn bond angle, thereby preventing the overlapping 
between Mn eg and O2p orbitals, resulting the half metallic behavior in large temperature 
range 5 – 200 K. Such behavior is absent in pristine LSMO system in the low 
temperature range [21]. 
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3.1.2(B) Magnetoresistance 
In the manganites, magnetoresistance (MR%) is calculated as                            
MR % = (ρ0 – ρH)/ρ0 × 100 %, where ρH and ρ0 are the resistivities with and without 
fields. The MR behaviour can be studied in two regions, namely, Low Field 
Magnetoresistance (LFMR) and High Field Magnetoresistance (HFMR) [30, 31]. The 
origin of LFMR is due to spin-polarized tunneling through insulating grain boundary 
(GB), while HFMR is ascribed to the reorientation of disordered spins at interfaces in 
high field. The GB effect plays an important role in the MR behaviour of the 
polycrystalline sample while it is absent in the epitaxial thin film. 
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Figure 3.9: MR vs. H (T) behavior of 50nm & 150nm LPSMO/STO films at  
                   different temperatures. 
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Figure 3.10: MR vs. H (T) behavior of 50nm and 150nm LPSMO/LAO films.  
Figures 3.9 and 3.10 show the magnetoresistance behavior of 50&150nm 
LPSMO films on STO & LAO substrate in 0-9T applied fields. The 150nm 
LPSMO/STO film exhibit MR ~ 51 % at 300K while MR ~ 50 % is observed in 50nm 
film at 300K (near the TIM). In the LPSMO/LAO films, the MR ~ 45 % at 250K (50nm) 
and 40 % at 320K (150nm) (near TIM) has been observed. All the LPSMO thin films 
studied shows the large MR in the vicinity of the RT as compared to other manganite 
films which can be attributed to the large A-site size disorder resulting into structural 
distortions and hence magnetic disorder at Mn-O- Mn bond. It can be clearly seen from 
above curves that maximum, MR% is observed at 250K in the 50nm while in 150nm 
film, it is observed at 300K (Fig. 3.9). A similar MR behaviour is observed in 
LPSMO/LAO films, which supports the thickness dependent strain effect in manganite 
film. Also, the MR% in LPSMO/STO film is higher as compared to LPSMO/LAO films 
which points towards the role of substrate in the producing the strain and growth 
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morphology of film. The presence of larger strain in LPSMO/STO films, results in the 
disorder in the dead layer thereby increasing resistivity which on application of field gets 
suppressed appreciably resulting in higher MR. 
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Figure 3.11: MR vs. H (T) behavior of bulk and LPSMO/STO thin films with the 
                     thickness of 50nm and 150nm. 
Figure 3.11 shows the comparison of MR behaviour of the bulk and 
LPSMO/STO films (50nm & 150nm) at 5K. At low temperature, in the bulk sample, 
LFMR (<1 T) of MR ~ 17% is exhibited while thin films exhibit negligible LFMR         
(< 1%). This large disparity in the LFMR of the bulk and films confirms the good quality 
and high epitaxial growth of thin films having no grain boundary effects. Another 
notable feature which can be seen from LFMR curves is that with increase in field (0-9T) 
the MR does not change appreciably in the LPSMO/STO films, which shows that, at  
low temperatures the spins are fully polarized.  
3.1.3 TCR and FCR studies 
Uncooled infrared imaging systems based on microbolometers offers the 
possibility for the development of a light weight, inexpensive alternative for complex, 
cooled IR imagining systems based on the HgCdTe (MCT) or InSb [32]. The sensitivity 
of presently used microbolometer based systems is one order of magnitude lower than 
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that of semiconducting systems. The active element in the microbolometer based 
detector is an oxide-coated silicon micro-bridge. The oxide film has a temperature-
dependent resistance. Heating of the micro-bridge by the incident IR radiation is detected 
by a change in the micro bridge resistivity. Present day microbolometer-based systems 
use VxOy which has a reported temperature coefficient of resistance (TCR) of – 2 %K
-1  
at RT [33]. The discovery of new materials with higher TCR would increase the 
sensitivity of the microbolometers comparable with MCT detectors. 
3.1.3 (a) TCR studies 
The value of the temperature coefficient of resistance (TCR) is very useful for 
device application, which can be calculated as:  
K
dT
dR
R
TCR
1
100
1
(%)
−
×=  …………………..………………. (3) 
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Figure 3.12. (A): Temperature coefficient of resistance of the 50nm and 150nm 
                              LPSMO/STO films. 
The variation of TCR with temperature for 50nm & 150nm LPSMO/STO and 
LPSMO/LAO films has been shown in figs 3.12. (A) & (B). Table 3.4 lists the values of 
maximum positive and negative TCR for both the sets of films. 150nm LPSMO/STO 
film exhibit the maximum positive TCR ~ 2.14%K-1 (at 300K) and maximum negative 
TCR values are ~ -0.29%K-1 at 332K.  While 50nm LPSMO/LAO film shows the 
maximum positive TCR value ~1.20%K-1 at 274K and maximum negative TCR ~ -0.42 
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%K-1 at 326K. Thus, LPSMO films shows the maximum negative and positive TCR 
values in the vicinity of the RT enabling them to be used as resistance sensor with low 
noise values as compared to LCMO & LBMO films having higher TCR but at lower 
temperature.  
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Figure 3.12. (B): Temperature coefficient of resistance of the 50nm and 150nm  
                             LPSMO/LAO films. 
 
Table 3.4: TCR values for the 50nm and 150nm LPSMO thin films deposited on the  
                    STO and LAO substrates. 
Sample Film 
Thickness 
Maximum 
Positive TCR 
Maximum 
Negative TCR 
50nm 1.51% K-1 (273K) -0.30% K-1 (332K) LPSMO/STO 
150nm 2.14% K-1 (300K) -0.29% K-1 (332K) 
50nm 1.20% K-1 (274K) -0.42% K-1 (326K) LPSMO/LAO 
150nm 1.04% K-1 (285K) -0.14% K-1 (337K) 
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3.1.3 (a) FCR studies 
It is know fact that, on application of manganite field, the resistivity of the 
manganite decrease due to the alignment of spins of Mn-O-Mn bond. This property of 
field dependence of resistivity of manganite films can be used for field sensing 
application.  
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Figure 3.13. (A): FCR vs. H (T) plots of 50nm LPSMO/STO film at 250 & 300K. 
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Figure 3.13. (B): FCR vs. H (T) plots of 150nm LPSMO/STO film at 250& 300K.  
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Figure 3.14. (A): FCR vs. H (T) plots of 50nm LPSMO/LAO film 250& 320K. 
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Figure 3.14. (B): FCR vs. H (T) plots of 150nm LPSMO/LAO film 250& 320K. 
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Table 3.5: Values of FCR for 50nm and 150nm LPSMO films deposited on the STO 
                    and LAO substrates. 
Sample Film 
Thickness 
Temperature Field 
(Tesla) 
Maximum 
FCR 
250K 0.9 -13.10%T-1 50nm 
300K 2.1 -7.91%T-1 
250K 0.9 -4.50%T-1 
LPSMO/STO 
150nm 
300K 0.6 -13.56%T-1 
250K 0.5 -11.33%T-1 50nm 
320K 3.4 -4.75%T-1 
250K 0.38 -8.50%T-1 
LPSMO/LAO 
150nm 
320K 3.5 -4.77%T-1 
 
The field coefficient of resistance (FCR) can be determined using 
1100
1
(%) −•×= T
dH
dR
R
FCR ……………………………………..(4) 
Figures 3.13.(A) & (B) and 3.14.(A) & (B) shows the FCR vs H plots at the different 
temperatures for the 50nm and 150nm LPSMO thin films grown on the STO and LAO 
substrates, respectively. Table 3.5 lists the maximum FCR values calculated at different 
fields and temperatures in the vicinity of the TIM for all the LPSMO films. From these 
figures, it can be seen that, FCR curve has a negative peak at very low field indicating 
the effect of the magnetic field on the manganite domains in the films which is reflected 
in the field sensitivity of the sample. With the application of field, spins in the magnetic 
domains are aligned resulting in a large decrease in the resistance. Value of the FCR 
depends upon the ferromagnetic response of the film, which is temperature dependent.  
Further, 150nm LPSMO/STO film shows the high FCR value at the 300K as compared 
to 50nm strained films. A notable feature observed in LPSMO/LAO films is, at 320K, 
the FCR decreases with increasing field because above TC, the LPSMO/LAO behaves as 
paramagnetic semiconducting insulator. From the Table 3.5 it can be noted that, FCR 
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values are higher in the LPSMO thin film deposited on the LAO substrate as compared 
to deposited on the STO substrate which suggests that reflected that LPSMO/LAO thin 
films are strain released as compared to LPSMO/STO films. 
3.1.4 Conclusions 
We have synthesized various LPSMO films on STO and LAO substrates using 
PLD technique and studied their structural, morphological, electronic transport and 
magnetotransport properties. XRD analysis reveals that, all the films possess single-
phase epitaxial nature. The strain induced due to lattice-substrate mismatch in the films 
decreases with the film thickness in both the sets of films. AFM studies show that, grain 
size and growth is less prominent in LPSMO/STO films as compared to larger grain size 
and good grain connectivity in LPSMO/LAO films. 
Temperature dependence of resistivity studies on LPSMO films show that, 
insulator to metal transition occurs in case of all the films in the vicinity of the RT. The 
nature of ρ -T curves with and without applied field, follows the same path in both the 
sets of films below 200K, indicating the complete spin polarization without field also. 
This behavior suggests the half metallic nature of the LPSMO manganite films in the 
temperature range up to 200 K. This behavior may be attributed to the Pr+3 substitution at 
A-site, which induces A-site size variance in broadband LSMO system and change the 
Mn-O-Mn bond angle, thereby preventing the overlapping between Mn eg and O2p 
orbitals, resulting into the half metallic behavior in temperature range   ~ 5 – 200 K. 
From the above findings, it is clear that strain in the films plays an important role in the 
distortion of Mn-O-Mn bond angle, which results in the spin polarization. This behavior 
is highly useful in the spin injector and spin valve devices.  
The observation of large MR (~50%) in LPSMO thin films near RT is mainly due 
to large size variance introduced to the Pr+3 substitution at La-site.  Spin polarization up 
to 200 K in the 50 nm and 150 nm LPSMO films, results in the negligible MR at low 
temperature. Observation of LFMR ~ 17% (<1T) in the bulk LPSMO sample as 
compared the thin films ~ < 1% show the inter grain spin polarization in the bulk sample 
and absence of grain boundary effect in the thin films. All the LPSMO thin films exhibit 
maximum TCR value in the vicinity of the RT. The observation of appreciable FCR 
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value in the small-applied fields in the vicinity of the RT shows the potential of its 
application in field sensor.  
From the above-mentioned conclusions, it can be inferred that, the transport & 
magnetotransport properties of LPSMO films on STO & LAO substrates have been 
tailored for the usefulness of these films for sensing applications in the vicinity of RT.  
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3.2 Studies on SHI irradiated LPSMO thin films  
Effect of Swift Heavy Ion (SHI) irradiation on the modifications in the structural, 
electronictransport and magnetotransport properties of the manganite thin films is an 
exciting but not yet fully understood area of research [34, 35]. It is an established fact 
that, SHI irradiation is responsible for the dramatic changes in various properties of 
manganites because it results in the effects like: change in the surface morphology, 
magnetic anisotropy, columnar or point defect formation, amorphization of the material, 
etc. [34-36].  Since irradiation can lead to a controlled introduction of defect states in the 
material, it may be useful to improve the material properties in desired manner.  
In our reported work, it has been shown that, irradiation with an optimal dose is 
responsible for the strain release in the La0.5Pr0.2Ba0.3MnO3 (LPBMO) manganite thin 
films [36]. Also, it is reported that, for a particular ion dose, the resistivity is suppressed 
by a small factor in La0.75Ca0.25MnO3 (LCMO) manganite films, the reason for which 
was not made clear [37]. In the presently studied LPSMO films, there is a large lattice 
mismatch between STO substrate and film and the size variance (σ2) is ~ 0.00249 which 
is large as compared to σ2 ~ 0.00186 reported for LSMO film. This results into magnetic 
inhomogeneity in the dead layer and a large strain at the film-substrate interface. Hence, 
it is interesting to explore whether irradiation helps in the release of strain at the interface 
and reduce the disorder in the dead layer. Keeping this in mind, SHI irradiation was 
carried out on the LPSMO thin films. The comparison of the electronic and 
magnetotransport properties of pristine and irradiated LPSMO thin film is discussed in 
detail in this section.   
 Heavy ions like Ag+15 having energy ~ 200 MeV were choosen for irradiation 
because of the fact that due to their larger mass, they are known to produce columnar 
defects in the material [34, 35]. While passing through the material, the energetic ions 
lose energy mainly in two ways, namely through: i) inelastic collision of highly charged 
energetic ions with the atomic electron of the matter, called electronic energy loss [(Se) = 
dEe/dX] , and ii) elastic scattering from the nuclei of atom of the matter [nuclear energy 
loss (Sn)= dEn/dX]. In the present study, we have calculated Se = 13.61 KeV/nm and    
Sn= 37.34 eV/nm for LPSMO thin films and projected range of Ag
+15 ions was found to 
be about 23.28 µm using SRIM-2003 (The Stopping and Range of Ion in Matter) 
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calculations [38]. In the present case, projected range of Ag+15 ions is very high as 
compared to maximum film thickness (100 nm), which ensures that Ag ions pass through 
the film material and finally enters into film substrate. In present work, SHI irradiation 
was carried out using 200 MeV Ag+15 ions at a fluence of about 5 × 1011 ions/cm2 at  15 - 
UD Tandem Accelerator at IUAC, New Delhi. The irradiation was performed at a low 
angle with respect to the ion beam to avoid the channeling effect. The ion beam was 
focused on to a spot of about  1 mm diameter on the sample and was scanned over a 10 x 
10 mm2 area using a magnetic scanner in order to irradiate the thin film over a 
sufficiently large area with uniformity. 
The LPSMO films were characterized for structural phase and purity by XRD 
measurement and for the surface morphology using AFM measurements. Electrical 
resistivity and magnetoresistance measurements were carried out by using standard dc 
four-probe configuration with and without applied field (PPMS quantum design).  
3.2.1 Structure and surface morphology 
3.2.1(A) Structure 
 The Rietveld fitting of the XRD data of LPSMO bulk target showed that the sample 
crystallizes in orthorhombic Pnma type of structure with cell parameters                          
a = 0.5512(2) nm, b = 0.7791(2) nm, c = 0.5548(2) nm. The XRD patterns of pristine and 
irradiated LPSMO thin films were indexed using orthorhombic cell parameters of bulk 
compound. Figs 3.15 (A) and (B) shows, the indexed XRD peaks of 50nm & 100nm 
pristine and irradiated LPSMO film. From the XRD patterns, it can be seen that, both the 
films possess epitaxial growth in (0k0) direction. It can be seen from the fig.3.15 (A) 
that, in 50nm pristine film, (040) peak located at ~ 47.03° shifts to lower angle ~ 46.69° 
after irradiation. Also, the XRD peak intensity increases while FWHM ~ 0.2988 for 
pristine 50nm film reduces to ~ 0.1248 after irradiation. Similar effect is observed in the 
100nm film [Fig.3.15 (B)]. This observation shows that irradiation has an effect on the 
strain present in the film. The lattice mismatch δ along the interface has been calculated 
using the eqn.(1) [Section 3.1.1] .The positive value of the mismatch corresponds to the 
tensile strain ~ 1.00 %, and 0.87 % in 50 and 100 nm pristine LPSMO films respectively, 
suggesting that, strain is released  with the increase in the film thickness. After 
irradiation, tensile strain becomes ~ 0.33 % and 0.24% for the 50 and 100 nm films, 
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respectively, suggesting that the strain is released appreciably in the films due to 
irradiation, which is confirmed from the XRD peak becoming sharp and reduction in 
FWHM value [Figure 3.15.(A) & (B)]. This indicates an improvement in the crystalline 
structure of the films irradiated with 5 ×1011 ions/cm2 ion dose. 
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Figure 3.15.(A): A typical XRD pattern of 50nm LPSMO thin films (Pristine and 
                            Irradiated). Inset of the shows the enlarged indexed (040) XRD peaks  
                            of films. 
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Figure 3.15.(B): A typical XRD pattern of 100nm LPSMO thin films (Pristine and 
                            Irradiated). Inset of the shows the enlarged indexed (040) XRD peaks  
                            of films. 
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3.2.1(B) Surface morphology 
 
    
 
 
 
 
 
 
Picture 3.5: AFM pictures of irradiated 50 nm LPSMO thin films. (A) 2D view of  
                      irradiated surface (B) 3D image of the irradiated surface  
                      (C) Enlarged view of defect. 
 
(A) (B) 
(C) 
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Picture 3.5 depicts the AFM photographs of irradiated 50 nm LPSMO thin film 
as a 2D image of the irradiated surface showing modification due to the Ag+15 ion 
bombardment. This surface modification can be clearly seen in the 3D image of the 
photograph [Picture 3.5 (B)] having the same scan size of the 2D image. The track like 
defects formed, possess an average diameter of ~ 50 nm [Picture 3.5 (C): enlarged view 
of defect]. From the calculation of size of the track like defects, it can be concluded that 
this size is quite large as compared to normal columnar defect size. Also the outgrowths 
present next to columnar like defects could be arising due to the energetic ions striking 
the surface-producing spike like structures. 
 
3.2.2 Electrical resistivity and magnetoresistance 
3.2.2(A) Electrical resistivity 
The temperature dependence of the resistivity curves for the 50 & 100nm 
LPSMO/STO film have been shown in the figs 3.16, having TIM values ~ 303 K and      
324 K respectively. TIM increases with the film thickness indicating the presence of 
higher strain in the thinner film [11]. In the same figure, effect of SHI irradiation on the 
resistivity of 50 nm and 100 nm LPSMO films has been shown. It can be seen, that 
irradiation results in the suppression in the resistivity by ~ 68 % and 31 % for 50 nm and 
100 nm films respectively. The TIM values decrease from 303 K to 298 K for 50 nm films 
and from 324K to 315K for 100 nm film. This observation of decrease in the TIM due to 
irradiation cannot be attributed to the oxygen deficiency, as the resistivity is also found 
to decrease after the irradiation. It is well known that, oxygen deficiency increases the 
resistivity as one of the consequence of irradiation [38, 39]. The decrease in the 
resistivity and TIM both indicates that, the irradiation creates appreciable changes in the 
transport properties by changing the lattice distortions and increasing the defect 
concentration. Also, the calculated projected range of Ag+15 ions in the LPSMO films is 
very large than the maximum film thickness. The nature of the fits to the resistivity plots 
of pristine & irradiated LPSMO films, below TIM (in the metallic region) shows that, in 
the irradiated films drop in the resistivity increases considerably as compared to that in 
pristine LPSMO films (fig. 3.17). 
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Figure 3.16: Resistivity vs temperature plots of 50nm and 100 nm LPSMO/STO  
                      films in zero applied field  (Pristine and Irradiated).  
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Figure 3.17: Low-temperature resistivity fits to magnon-scattering law in zero 
                      applied field for 50 nm and 00nm LPSMO/STO thin films. The symbols  
                      are the experimental data points& the solid  curves are the theoretical fits. 
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The resistivity data in the metallic region was fitted in the magnon scattering law 
ρ(T) = ρ0 + BT
n , in which ρ0 is residual resistivity and B is electron – magnon scattering 
coefficient. From the fig. 3.17, it can be seen that, 50 nm and 100 nm films (pristine and 
irradiated both) obey the one magnon scattering law (ρ∝ T3) and unconventional magnon 
scattering law (ρ∝ T2.5), respectively. Also, the fitting of the ρ-T data to the magnon 
laws is better for irradiated LPSMO films as compared to their pristine counterparts, in 
the temperature range 5-200 K, indicating the better crystallanity in the film after 
irradiation. 
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3.2.2(B) Magnetoresistance and Field Sensitivity 
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     Figure 3.18.(A): MR vs. H (T) isotherms of 50nm LPSMO/STO thin film  
                                 (Pristine and Irradiated).  
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Figure 3.18.(B): MR vs. H (T) isotherms of 100nm LPSMO/STO thin film  
                           (Pristine and Irradiated).  
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Figure 3.19.(A): FCR vs. H (T) plots of 50nm LPSMO thin film (Pristine and 
                            Irradiated). 
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Figure 3.19.(B): FCR vs. H (T) plots of 100nm LPSMO thin film (Pristine and 
                            Irradiated).  
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Figure 3.18.(A) & (B) shows the MR vs H isotherms for the 50&100nm 
LPSMO/STO films (pristine and irradiated). Figure 3.19. (A) & (B) shows the FCR vs H 
isotherms of the LPSMO/STO thin films (pristine and irradiated). It can be seen from the 
figs 3.18 & 3.19 that, in the 50nm film after irradiation there is no change in the MR and 
FCR values while in the 100nm LPSMO/STO film, there is a marginal increase in the 
MR and FCR after irradiation with 5 × 1011 ions/cm2. This may be understood in the 
terms of thickness dependent irradiation effect, as energy loss of heavy ions is thickness 
dependent. In the higher thickness films, SHI creates more defects resulting into 
magnetic anisotropy which is removed on application of field thereby giving higher MR 
and FCR values. 
3.2.3: Comparison between properties of pristine and irradiated thin 
          films 
          The comparison of physical properties of the pristine and irradiated LPSMO films 
shows that the suppression in resistivity of the irradiated films is more pronounced as 
compared to the pristine films which can be described due to  
(1) The strain released at the film-substrate interface in the dead layer. Swift heavy ions 
with lower fluence (5 ×1011 ions/cm2) are responsible for creating the pressure in the 
lattice, which reduces the structural distortion in the unit cells around their path 
effectively in the dead layer resulting in the strain release. In the lower thickness film (50 
nm), it can be seen that, the contribution of the dead layer is more in releasing the strain 
and hence relatively large suppression in resistivity.  
(2) Local heating effect caused by the swift heavy ion irradiation of the films, results in 
as annealing effect, which makes Mn – O – Mn bond angle towards the 180° thereby 
favoring Zener Double exchange and suppression in resistivity.  
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 3.2.4 Conclusions 
 We have studied the effect of SHI irradiation on the physical properties of 
LPSMO/STO films. Structural studies using XRD, shows that, the indexed XRD peaks 
in the irradiated films swifts towards lower angle and the peak intensity increases while 
FWHM decreases in 50nm & 100nm LPSMO/STO films suggesting an improvement in 
the crystallanity of the films. 
 The strain calculations from the XRD studies show that, tensile strain is reduced 
on irradiation. AFM pictures show the modification in the surface morphology of the 
film due to the ion bombardment. Observed size of the defects from AFM of irradiated 
surface is quite large as compared to the calculated size of columnar defect. This rules 
out formation of columnar defects in these films due to irradiation with                            
5 × 1011 ions/cm2. Also the outgrowths present next to track like defects could be arising 
due to the energetic ions striking the surface-producing spike like structures.  
Irradiated LPSMO/STO films shows the suppression in resistivity as an effect of 
the irradiation with ion dose of 5 ×1011 ions/cm2, possibly due to the surface 
modifications and formation of track like defects, which releases the strain at the 
interface of the film-substrate effectively in the dead layer. In addition, the passage of the 
swift heavy ions through the thin film might result into local heating which causes 
annealing effect and increases the Zener double exchange thereby favoring suppression 
of resistivity. It is also observed that, irradiation with 200 MeV Ag ions having fluence 
of 5 ×1011 ions/cm2, does not have any appreciable effect on the magnetic sensing 
parameter and MR of LPSMO/STO films.  
Thus, in conclusion, it can be said that, SHI irradiation helps to release the strain 
in the dead layer and results in an improvement in the crystallanity of the film. 
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4.1 LPBMO/LAO thin films: Effect of different Ag-ion fluences 
The LaMnO3 manganite possesses ABO3 type perovskite structure and is an 
antiferromagnetic insulator (AFI) below 170 K.  On substituting divalent cations at 
trivalent La3+, the resulting compositions La1- xAxMnO3 (where, A is divalent cation) 
display interesting correlated transport, magnetic and magnetoresistive properties. The 
physical properties of these compounds are determined by three main factors; i) the 
divalent doping (substitution) at the La-site (which determines the ratio of Mn3+/Mn4+)  
ii) the average A-site cation radius and iii) size-disorder at the A-site [1-3]. Depending 
upon these factors, the exchange interaction between the Mn3+ and Mn4+ ions via 
oxygen, largely known as Zener Double Exchange (ZDE), comes into play and drives the 
material to exhibit insulator to metal transition (TP) and paramagnetic to ferromagnetic 
transition (TC). In the vicinity of TP, the resistivity drops by a large magnitude on the 
application of an external magnetic field, thus making the material to display a large 
negative magnetoresistance (MR). 
 The application potential of manganites has prompted their synthesis in thin film 
forms. The study of epitaxial films enhances our understanding of various physical 
properties of these materials in the absence of dominating grain boundary effects. It is 
well established that, various properties of manganites such as Tp, TC, resistivity and 
magnetoresistance (MR) are sensitive to disorder and crystallographic defects. 
Irradiation by Swift Heavy Ions (SHIs) is an important tool, which is known to produce 
structural disorder and localized strains in the lattice [4, 5], which in turn modifies the 
physical properties of material. However, it largely remains to be understood how 
irradiation effects change with varying thickness of the films. In order to study this, we 
have irradiated 50nm and 200nm (La0.5Pr0.2)Ba0.3MnO3 (LPBMO) thin films by 200 
MeV Ag+15 ions with different ion doses in the range of 5×1010 to 1×1012 ions/cm2 and 
carried out resistivity and MR measurements on the films before and after  irradiation. 
Heavy ions like Ag+15 having energy ~ 200 MeV were chosen for irradiation because of 
the fact that, due to their larger mass, they are known to produce columnar defects in the 
material. In the present studies, we have calculated the value of electronic energy loss 
(Se) = 21 KeV/nm and nuclear energy loss (Sn) = 60.3 eV/nm for LPBMO thin films 
using SRIM-2003 (The Stopping and Range of Ion in Matter) calculations [6]. In this 
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chapter, it has been shown that, in 50 nm film, the irradiation (up to a dose of ~1×1012 
ions/cm2) has very little effect on the transport properties while it is appreciable in 200 
nm thin film. Also, the effect of SHI irradiation on the low temperature resistivity 
minima exhibited by LPBMO films has been studied and the results are discussed. 
Synthesis  
Polycrystalline bulk target sample of La0.5Pr0.2Ba0.3MnO3 (LPBMO) was 
synthesized by using standard ceramic method. Dried powders of La2O3, Pr6O11, BaCO3, 
and MnO2 (all >99.9% purity) were mixed in stoichiometric proportions and calcined at 
950°C for 24 hours. The samples were then ground, palletized and sintered in a 
temperature range of 1100°C - 1400°C with several intermediate grindings.  The details 
of the bulk sample preparation are given in ref. [7]. Thin films (50nm and 200nm) of the 
target material were deposited on a single crystalline (h00) oriented LaAlO3 (LAO) 
substrate by Pulsed Laser Deposition (PLD) technique using KrF excimer Laser. The 
details of the deposition parameters used have been summarized in the Table - 4.1. 
Table 4.1: Thin films deposition parameters. 
Laser used KrF excimer 
Laser Energy 3.1 J/cm2 
Laser frequency and Pulse width 248 Hz and 25 ns 
Substrate to target distance 4.2 cm 
Substrate heater temperature 830°C 
Oxygen partial pressure 400 mTorr 
Target used La0.5Pr0.2Ba0.3MnO3 
(Diameter – 15mm, thickness – 2mm) 
Substrate used Single crystal LaAlO3 (h00) 
 
The LPBMO thin films were irradiated by 200 MeV Ag+15 ions with irradiation 
doses of the 5×1010 to 1×1012 ions/cm2 using a 15 - UD Tandem Accelerator, at Inter 
University Accelerator Center (IUAC) New Delhi. The irradiation was performed at an 
angle slightly away from the beam to avoid the channeling effect. The ion beam was 
focused on to a spot of 1 mm diameter. To irradiate the thin film uniformly, ion beam 
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was scanned over a 10×10 mm2 area using a magnetic scanner. The structure of the 
samples was analyzed using X-ray diffraction (XRD) and surface morphology was 
studied using Atomic Forced Microscopy (AFM). The resistivity was measured as a 
function of temperature in range ~ 5-320K and as a function of magnetic field recorded 
as 0T - 9T - (-9T) - 0T using PPMS facility at TIFR, Mumbai.  
4.1.1 Structure and surface morphology 
4.1.1(A) Structure  
Structural refinement was carried out by rietveld fitting of the XRD patterns 
using standard FULLPROF program [8]. Fig. 4.1 shows a typical rietveld refined XRD 
pattern of LPBMO sample showing a good agreement between the fitted and 
experimental patterns.  
 
Figure 4.1:  Rietveld fitted XRD pattern for LPBMO bulk sample. 
The analysis of the XRD data of polycrystalline bulk LPBMO (target) reveals 
that, sample crystallizes in a distorted orthorhombic structure (space group: Pnma, no. 
62) with the refined cell parameters, a = 5.512(3) Å, b = 7.791(2) Å and c = 5.548(2) Å,. 
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4.1.1:(A-1) Strain calculation in the thin film 
 In the thin films, due to the lattice mismatch between the film and substrate, 
strain is developed namely tensile strain and compressive strain. The lattice mismatch, δ, 
along the interface was calculated using eqn.(1) given in chapter III, section 3.1.1.                                   
Positive values of the mismatch correspond to the tensile strain [the cell is elongated in 
the plane of film and compressed along the out of plane growth direction {picture 4.1- 
(a)}], whereas negative values describe compressive stress [the cell is elongated along 
the growth direction and compressed in the direction of film plane {picture 4.1-(b)}]. 
The substrate mismatch strain induces a lattice deformation, which can be analyzed from 
the unit cell distortion. This distortion is generally calculated using the XRD data [9, 10].  
  
Picture 4.1: Schematic drawings of the lattice distortion in strained epitaxial films  
(a) under tension or (b) compression. 
Figure 4.2 depicts the XRD patterns of pristine and irradiated 50 and 200nm 
LPBMO film showing the epitaxial single-phase nature of films. The cell parameters of 
the bulk were used to index the thin film XRD patterns which are oriented in (101) 
direction. From the XRD analysis it can be clearly seen that, in the both the films, there 
is no phase or structural change observed as an effect of the irradiation with the higher 
dose of 1×1012 ions/cm2. Also, it may be noted that, with increasing irradiation dose,     
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an appreciable decrease in the XRD line intensities of the 200nm film is observed which 
points towards a change in the internal morphology and deteriorating crystalline 
structure. 
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Figure 4.2: XRD patterns (plotted in log scale) for the 50 and 200 nm pristine and  
                   irradiated LPBMO thin films.  
Table 4.2 lists the calculated values of the film lattice-substrate mismatch for the 
pristine and irradiated thin films. The pristine 50nm film has higher strain as compared to 
pristine 200nm film which indicates that as thickness is increase strain is released in the 
film. In the 200nm LPBMO film, the mismatch ~ -3.29 % observed in pristine film 
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increases to ~ - 4.57 % in 1×1012 ions/cm2 irradiated film while it increases from              
~ - 3.45 % to ~ -3.9 % in 50nm thin film. These values suggest that, on irradiation, the 
compressive strain increases more effectively in the 200nm film as compared to 50nm 
film. But this is not true in the case of both the thickness films irradiated with the ion 
fluence of the 5×1011 ions/cm2, in which, mismatch is released as compared to the 
pristine film which is anomalous behaviour of strain release as an effect of the 
irradiation. 
Table 4.2: Mismatch calculation of the pristine and irradiated thin films. 
Sample Irradiation dose Thickness A. Mismatch 
Pristine ~ -3.45% 
5×1010 ions/cm2 ~ -3.50% 
5×1011 ions/cm2 ~ - 3.31% 
 
LPBMO 
1×1012 ions/cm2 
 
50nm 
 
~ -3.90% 
Pristine ~ -3.29% 
5×1010 ions/cm2 ~ -3.30% 
5×1011 ions/cm2 ~ -3.20% 
 
 
LPBMO 
1×1012 ions/cm2 
 
 
200nm 
 ~ -4.57% 
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4.1.1: (B) Structure and surface morphology 
 
 
Picture 4.2: Transverse and cross-sectional AFM micrographs of 50 nm LPBMO  
                     thin film. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Picture 4.3: Transverse and cross-sectional AFM micrographs of 200 nm LPBMO 
                          thin film. 
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Picture 4.4: AFM pictures of the 50nm LPBMO thin films irradiated with the dose of  
                    1×1012 ions/cm2.  (A) 2D AFM micrograph (B) 3D AFM micrograph 
                   (C) Enlarged 2D top view of single columnar like defect  
                   (D) RMS roughness histogram 
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Picture 4.5: AFM pictures of the 200nm LPBMO thin films irradiated with the dose of  
                    1×1012 ions/cm2.  (A) 2D AFM micrograph (B) 3D AFM micrograph 
                   (C) Enlarged 2D top view of single columnar like defect  
                   (D) RMS roughness histogram 
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(A) (B) 
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The pictures 4.2 & 4.3 show the transverse and cross-sectional views of AFM 
micrographs of 50nm and 200nm pristine LPBMO films respectively. It can be seen that, 
the films have smooth surface with a bare roughness of ~ 1 nm. Also the average grain 
size varies marginally in the range of 50 - 70nm. 
However, the surface morphology of irradiated LPBMO films, as studied by 
AFM micrographs depicts moderate granular surface after irradiation with the higher 
dose of 1×1012 ions/cm2. Pictures 4.4 & 4.5 shows the AFM micrographs of 50nm and 
200nm LPBMO films irradiated with dose of 1×1012 ions/cm2. The RMS roughness is ~ 
6.01nm & 3.06 nm for the 50nm and 200nm irradiated thin film, which is higher than the 
pristine films. It is evident from these pictures that, the Ag+15 ion irradiation causes the 
formation of columnar like defects which can be clearly observed from the 3D image of 
the photograph having an average diameter of ~ 50 nm (enlarged view of the columnar 
defect). Thus, the irradiation results in the modification in the surface morphology of  
both the films. 
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4.1.2: Electrical resistivity and magnetoresistance 
4.1.2(A): Electrical resistivity 
Figure 4.3 shows the resistivity vs. temperature plots for the 50nm LPBMO/LAO 
pristine and films irradiated with different Ag ion doses of 5×1010, 5×1011 and 1×1012 
ions/cm2, in the temperature range 5-320 K under 0, 5& 9T fields. 
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Figure 4.3: Resistivity vs. temperature plots of pristine and irradiated 50nm LPBMO  
                    manganite thin film with different ion doses. 
It can be seen from the figures that, there is no appreciable change in the TIM of 
the 50 nm LPBMO films irradiated with different ion doses and the ρ - T does not follow 
any trend with increasing irradiation dose. The film irradiated with 5×1011ions/cm2 ions 
dose exhibits lower resistivity as compared to other films.  
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 Figure 4.4 shows the temperature dependent resistivity behavior of 200nm 
LPBMO/LAO pristine and Ag-ion irradiated films with 5×1010, 5×1011 and 1×1012 
ions/cm2 ion fluences, in the temperature range 5-320 K under 0 & 9T fields. It can be 
seen that, 200nm irradiated LPBMO films do not exhibit any systematic in the version of 
resistivity with ion doses.  
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Figure 4.4: Resistivity vs. temperature plots of pristine and irradiated 200 nm LPBMO  
                   films with different ion doses. 
Thickness dependent irradiation effects with the different irradiation doses and 
thickness and its comparison with the pristine thin film is shown in the fig. 4.5. It can be 
seen from the figure that, ρ-T plots of pristine and irradiated 50nm and 200nm LPBMO 
thin films measured in zero applied field. Before irradiation, 50nm and 200nm films 
exhibit insulator-metal transition at ~210 K and 200 K, respectively. The resistivity of 
pristine 50nm film is found to be higher than that of the 200nm film, which may be due 
to more strain at the interface of the substrate and the film. An interesting noteworthy 
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feature in resistivity of irradiated 50nm film is that, in the whole temperature range 
investigated, neither there is any discernible change in resistivity nor any particular trend 
of the variation of resistivity with increasing irradiation dose (up to ~1×1012 ions/cm2).  
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Figure 4.5: Resistivity vs. temperature plots of the 50 nm and 200 nm LPBMO  
                    manganite  thin film (pristine and irradiated). 
However, this is not the case for irradiated 200nm thin film, in which, irradiation 
dose of the ~1×1012 ions/cm2, causes significant enhancement in the overall resistivity. 
For instance, the resistivity of this 200nm irradiated film (1×1012 ions/cm2) is larger by 
~10 factors at TP and ~ 25 factors at 5K as compared to that of pristine thin film. Further, 
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the TP of 200 nm thin film shifts from ~ 200K for pristine to ~179K for the film 
irradiated with 1×1012 ions/cm2 dose.  
4.1.2(A-1) Irradiation effect on resistivity minimum 
In this section studies on the effect of SHI irradiation on the low temperature 
resistivity minimum (Tmin) of the 50nm and 200nm LPBMO manganite thin films has 
been discussed in detail. Upturn in ρ(T) vs. T curves known as the low temperature 
minimum was observed by the Singh et al. in the Pr0.67Ca0.33MnO3 thin films at        ~ 
15K in the field of the 4 T [11]. Also Pterov et al. have observed the same phenomenon 
in granular La0.7Ca0.3MnO3 at around 25K in the zero applied field [12]. But no 
quantitative analysis of the temperature dependence around the low-temperature 
minimum was done. The observation of resistance minima at 30 K in La0.7A0.3MnO3 
(A=Ca, Sr, Ba) bulk CMR oxides has been explained in term of electron-electron (e-e) 
interaction and inelastic scattering of electrons [13]. The manganites possess resistivity 
of ~10-40 mΩcm which is higher than the Mott`s maximum metallic resistivity          
(~10 mΩcm), justifying the interpretation for the occurrence of resistivity minima in 
terms of the e-e interaction. However, this study was restricted to zero-magnetic field 
observation. Observed anomalies in low temperature minima behaviour in LPBMO (bulk 
and thin film) sample have been investigated in detail by our group in which the role of 
grain boundary as well as of the magnetic impurity (kondo scattering by a magnetic 
impurity in a non-magnetic lattice) responsible for the low temperature minima has been 
ruled out [14]. It has been reported that the low temperature resistivity minima in Ba-
based manganites is an intrinsic property which is caused due to the e-e scattering, as a 
result of columbic interactions. The origin of such a behavior lies in the large size 
disorder at the A-site, which causes the local structural distortions and is major source of 
disorder in this low temperature metallic regime. 
 It is known that the resistivity in the metallic region is due to the various 
electron-phonon and electron-magnon inelastic scattering processes. The appearance of a 
semiconducting behavior in the low temperature range (below ~ 50 K) is an anomaly and 
reproduced by adding e-e elastic scattering term to inelastic scattering term as  
inelasticelastic ρρρ += …….(1) 
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where elasticρ  is the correction to resistivity due to low temperature elastic e-e scattering 
and inelasticρ is resistivity term. inelasticρ  increases as temperature increases whereas elasticρ  
is dominant at low temperatures. The low temperature correction to the resistivity is 
given by elasticρ  which is quantified as 
2/1
0
1
BT
elastic +
=
σ
ρ
……..(2) 
where 0σ  is the residual conductivity contributed by the temperature-independent 
scattering processes and B is proportional to the diffusion constant that depicts the depth 
of the resistivity minimum. However, inelastic scattering, which increases monotonically 
with temperature, compete with the e-e interaction (which decreases with the 
temperature as described in the equation of in inelasticρ ) and gives rise to the resistivity 
minimum. Assuming all the temperature dependent scattering processes, like electron - 
phonon, electron-magnon, and electron-electron which are adequately described by the 
single power law, inelastic resistivity also can describe as, 
n
ninelastic Tρρ = …….(3) 
In this equation nρ is the coefficient of Tn that depends upon the contribution of the 
inelastic scattering. Now, combining eqns (2) & (3), the equation (1) takes the form as 
n
nT
BT
ρ
σ
ρ +
+
=
2/1
0
1
…….(4) 
 
The effect of SHI on the modifications in the low temperature resistivity 
behaviour of presently studied 50 and 200nm LPBMO films subjected to different ion 
doses has been shown in figs 4.6(a) and (b). It can be clearly seen from the figures that, 
the irradiation does not have any appreciable effect on low temperature minimum in     
50 nm film while in 200 nm LPBMO film the irradiation with 1×1012 ions/cm2 results in 
a drastic increase in resistivity upturn around 50K. Also it notable that in the both the 
films irradiated with the ion fluence of the 5×1011 ions/cm2 , resistivity is suppressed in 
the ferromagnetic region. 
                                     
122
 
0 100
0.0
0.3
0.6
( a )
T ( K )
50 nm 
(H = 0 T)
LPBMO/LAO
 
ρ 
( 
Ω
 c
m
 )
 D:5X10
10
 D:5X10
11
 D:1X10
12
 D:Pristine
 
0 100
0
5
10
ρ 
( 
Ω
 c
m
 )
( b ) LPBMO/LAO
0 150
0
1
 
 
ρ 
(Ω
 c
m
)
T ( K )
 Pristine
 D:5X10
11
 ions/cm
2
T ( K )
200 nm 
(H = 0 T)
 
 
 
Figure 4.6. Low temperature resistivity of the 50 nm and 200 nm LPBMO manganite  
        thin films (pristine and irradiated). 
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The 50nm and 200nm films irradiated with intermediate ion dose of 5×1011 
ions/cm2 exhibit a suppression in resistivity and resistivity minimum due to the strain 
release in the film which has been confirmed from the strain calculations (Table 
4.2)(inset of fig.4.6: enlarged view of ρ-T pristine & 5×1011 ions/cm2 irradiated film). 
The irradiation with ion dose ~ 5×1010 ions/cm2 is not sufficient to release the strain in 
the film resulting in higher resistivity as compared to pristine film. At higher ion dose ~ 
1×1012 ions/cm2, the effect of irradiation is more pronounced as compared to strain 
release effect so that the resistivity becomes higher. To understand the reason for such a   
ρ-T behaviour, we have fitted the low temperature resistivity data of the pristine and 
irradiated films into eqn. (4).   
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Figure 4.7:Low temperature resistivity fits to eqn.(4)for the pristine and irradiated 50nm  
                   LPBMO films with the different ion doses. The symbols are the experimental 
                  data points and the solid lines are the   theoretical fits.   
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Figure 4.8:Low temperature resistivity fits to eqn.(4) for pristine and irradiated 200nm 
                  LPBMO films with the different ion doses. The symbols are the experimental 
                 data points and the solid lines are the theoretical fits.    
Figures 4.7 and 4.8 shows the plots of low temperature resistivity fittings to the 
eqn. (4) for the pristine and irradiated 50nm and 200nm films respectively. From these 
figures, it can be seen that, there is no appreciable change in the low temperature 
resistivity minima except for intermediate (5×1011 ions/cm2) and higher dose (1×1012 
ions/cm2) in which the minima shifts slightly towards higher temperature, which needs 
more attention. In the 200nm LPBMO film irradiated with 1×1012 ions/cm2, broadening 
of resistivity minima is more pronounced as compared 50nm thin film irradiated for the 
same ion dose (Fig.4.8). 
 
                                     
125
 
Table 4.3: Various fitting parameters of low temperature resistivity minimum fits to            
                      the equation ρ = (σ0 +BT
1\2)-1 + ρnT
n
 . 
Ion dose 
H
  
Tm 
(K) 
σ0  
(Ω1-cm-1) 
B  
(Ω0.5 cm0.5) 
ρn 
(Ω cm/Kn) 
n 
χ2  
 
Sample 
 
LPBMO 50 nm thin film 
 
0 39 3.83 0.63 0.00002 2.38 8.80E-7 
Pristine 
5 49 3.93 0.85 0.00009 1.93 84.0E-7 
0 33 1.90 0.70 0.00007 1.75 0.84E-7 
5×1010 
5 38 3.30 0.80 0.00006 1.59 2.70E-7 
0 43 6.30 1.02 0.033 2.67 0.06E-7 
5×1011 
5 50 8.30 1.41 0.279 2.12 0.30E-7 
0 45 1.42 0.54 0.00001 2.09 0.11E-7 
1×1012 
5 53 2.56 0.80 0.00007 2.01 4.52E-7 
 
Sample 
 
LPBMO 200 nm thin film 
 
0 45 1.69 1.02 0.41 2.25 1.7E-6  
Pristine 5 53 2.12 1.52 0.70 1.95 2.0E-7 
0 43 12.82 1.30 3.5E-7 2.47 5.1E-8  
5×1010 5 56 14.86 1.29 2.5E-8 2.90 1.4E-7 
0 45 6.1 1.68 0.011 2.85 0.1E-5  
5×1011 5 51 7.9 2.21 0.116 2.20 0.1E-6 
0 52 -0.109 0.117 7.882E-8 2.66 0.00061  
1×1012 5 63 -0.121 0.200 0.00002 2.16 0.00001 
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Table - 4.3 lists the values of various parameters derived form the fitting of the 
eqn. (4), for all the pristine and irradiated LPBMO films studied. The elastic term (first 
term) in the eqn. (4) dominates at low temperature while the inelastic term dominates at 
high temperature (~ Tp). Hence low temperature resistivity behavior seems to be arising 
due to the interplay between elastic and inelastic term which keeps the resistivity to 
minimum. Figures 4.7 & 4.8 and Table 4.3 clearly indicates that Tm shifts to higher 
values with increasing field which may be understood in terms of magnetic field induced 
suppression of inelastic scattering due to suppression of spin fluctuations [14].  
From Table 4.3, it can be observed that, for 50nm LPBMO film irradiated with 
different ion doses, the values of residual conductivity σ0 and diffusion constant B are 
maximum at 0 & 5T fields for an ion dose of 5×1011 ions/cm2 compared to pristine and 
other irradiation doses. Similar behaviour has been reflected in the values of inelastic 
resistivity parameters (n & ρn). Here, it should be mentioned that, the inelastic term in 
resistivity represents the quality of conductivity in the ferromagnetic metallic (FMM) 
region below TC in the manganites. The anomalous suppression of low temperature 
resistivity in the 50nm films irradiated with 5×1011 ions/cm2 can be explained in terms of 
the prominent role of inelastic scattering mechanism in the FMM region which is 
reflected from the increase in the values of n & ρn. This observation indicates that, in the 
film irradiated with an intermediate ion dose (5×1011 ions/cm2), the disorder is reduced 
due to release of substrate induced strain in the dead layer. The explanation for the 
increase in the resistivity of the 50nm film irradiated with 5×1010 and 1×1012 ions/cm2 
dose is as follows. The values of σ0 and B decreases in the films irradiated with the 
above mentioned ion doses, as compared to pristine film due to the defects created as a 
result of irradiation, acting as scattering centers which causes electron localization more 
effectively which results in the enhancement of resistivity at low temperature. 
In the case of 200nm LPBMO film, notable broadening effect in the low 
temperature minima curve is observed in the film irradiated with 1×1012 ions/cm2 dose 
which can be understood in terms of the irradiation induced defects in the metallic region 
resulting into magnetic inhomogeneity in the FMM region which in turn suppresses the 
role of inelastic term in the low temperature resistivity behaviour. 
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4.1.2(B): Magnetoresistance 
The disparity in the transport properties of pristine and irradiated LPBMO films 
with different thicknesses is corroborated by MR measurements. The MR vs. H(T) 
isotherms obtained from the variation of resistivity in varying applied fields at different 
temperatures for the 50 & 200nm LPBMO films irradiated with 5×1010 and 1×1012 
ions/cm2 doses are shown in fig.4.9. It can be seen that, the 5×1010 ions/cm2 irradiated 
film, shows MR ~ 90 % at 195K while at 5K, it becomes <30 %, which indicates the 
absence of intergrain tunneling MR in thin films. It also signifies the high quality 
epitaxial single-crystalline structure of the thin films. Observed larger MR in the 
LPBMO system is due to the large size-disorder which causes the local structural 
distortion resulting in to random displacement of oxygen from their crystallographic 
positions. 
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Figure 4.9: MR% vs. H(T) isotherms for the LPBMO 50 nm and 200nm irradiated films. 
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Figure 4.10 depicts the MR vs. H(T) isotherms at 195K (around TP) and at 
5K(low temperature) for pristine and irradiated LPBMO films. The effect of irradiation 
on MR, in the vicinity of Tp and at low temperature is not similar in 50 & 200 films. In 
50 nm films, with increasing dose, the MR remains unaffected in the vicinity of Tp, while 
for 200nm film the MR decreases marginally at Tp. 
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 Figure 4.10: MR vs. H(T) isotherms for the LPBMO 50nm and  200nm films  
                       (pristine and irradiated). 
However, at low temperature (5K), in 200nm film, MR increases from ~30 % for 
pristine to ~57 % in the film irradiated with a dose of ~ 1×1012 ions/cm2. This increase is 
large as compared to that in 50nm thin film. This irradiation induced disparity in the 
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enhancement of MR for the both the films supports our assumption that the irradiation 
creates more damage resulting into the creation of additional scattering and pinning 
centers in 200nm films as compared to those in 50nm thin film. As already mentioned, 
the irradiation increases the compressive strain (Table 4.2) and hence the low 
temperature MR. Similar observation is reported in the compressively strained ultra thin 
Pr0.67Sr0.33MnO3 thin film in which strain induced magnetoelastic interactions play a 
dominant role in the magnetic anisotropy [15, 16]. 
4.1.3: Thickness dependent irradiation effect   
The origin of irradiation induced thickness dependent disparities in the transport 
properties of pristine and irradiated LPBMO films can be understood by studying the 
formation of defects due to the passage of swift heavy ions through the thin film and its 
effect at different thickness in the film. Picture 4.6 shows a simulation (using the SRIM 
2003 software), describing this effect in manganite thin films. 
It is known that, swift heavy ions create columnar defects while passing through 
the material and these defects in manganites act as scattering centers for conduction of 
carriers. Therefore, the detrimental effect of columnar defects tends to increase the 
resistivity and decrease the I-M transition temperature [4, 17]. Here, it may be mentioned 
that the damage caused by the energetic ions is thickness dependent. The columnar 
tracks produced by energetic ions are straight and their diameter is very small for initial 
small thickness of the film. As the energetic ion keeps loosing energy with increasing 
thickness, track diameter increases and the linearity of the track is not maintained. With 
increasing thickness, probability of the scattering and collision of highly charged 
energetic ions with the matter is large in different directions resulting in the creation of 
columnar defects having large diameter thereby producing magnetic anisotropy in the 
well-aligned unit cell and poor conducting channels in the film (picture 4.5).  This leads 
us to infer that the detrimental effect generated by the passage of energetic ions through 
the film on the resistivity will be less in 50nm thin film as compared to that in 200nm 
film.  
The other factor which accounts for the thickness dependent irradiation effect is 
based on the effect of SHI on the strain at the film-substrate interface. It is known that, 
there exists considerable stain due to lattice mismatch between LAO substrate and 
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manganite thin film having the thickness < 60-70nm [18]. The presently studied 50nm 
LPBMO thin film on LAO substrate, is therefore, strained while the strain is released in 
200nm film, owing to large thickness. When the energetic ions pass though the strained 
50nm film, it locally releases the strain at the interface by reducing the structural 
distortion in the unit cells around its path and results in an enhancement of conductivity 
of this low thickness film. In contrast, this is not being true for 200nm thin film because 
it is strain free. 
 
 
Picture 4.6: Animated path of the 200MeV Ag+15 ions while passing through the  
                     LPBMO manganite thin films. 
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4.1.4: Field and temperature sensitivity studies 
Field sensitivity study 
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Figure 4.11: Field Coefficient of resistance (FCR) vs. field curves for the pristine and  
                     irradiated 50nm LPBMO manganite thin film. 
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Figure 4.12: Field Coefficient of resistance (FCR) vs. field curves for the pristine and  
                    irradiated 200nm LPBMO manganite thin film. 
It is well-established fact that, CMR materials exhibit the temperature dependent 
an antiferromagnetic/ferromagnetic (AF/F) phase transition and the appearance of the 
FM state is accompanied by quasi-metallic behavior at or near the TC. Also, the 
application of magnetic field results into large decrease in the resistivity due to the 
alignment of the spins in the magnetic domains. This magnetic field sensitivity can be 
studied by calculating the Field Coefficient of Resistance (FCR), which is quantified 
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as T
dH
dR
R
FCR
1
100
1
(%)
−
×= . The FCR values can be determined from the ρ - H plots at 
the different temperatures. 
Figures 4.11 & 4.12 display the field dependence of FCR as a function of 
magnetic field, at 5K (low temperature) and 195K (at TP) for pristine and irradiated 50 
and 200nm LPBMO thin films. It can be seen that, the FCR is maximum for both the 
films at a field of ~5 kOe. Similar to the resistivity behaviour, there is no significant 
difference in the FCR values of pristine and irradiated 50nm thin films while there is a 
large suppression in the FCR values of 200nm thin film irradiated with an ion dose of 
~1×1012 ions/cm2 which is consistent with the irradiation induced enhanced magnetic 
anisotropy. In the higher dose of 1×1012 ions/cm2, larger density of columnar defects 
formed, results in channeling effect which causes the magnetic anisotropy in the grains 
of thin film. This induced magnetic anisotropy reduces on application of the small field 
and enhanced magnetic field sensitivity of the 200nm thin films.  
B. Temperature sensitivity study 
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Figure 4.13: TCR vs. Temperature plots for the pristine and irradiated 200nm LPBMO  
                      manganite thin film. 
 
Similar to FCR, the temperature sensitivity of both the films have been studied. It is 
quantified by a term called Temperature Coefficient of Resistance (TCR) as 
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{ K
dT
dR
R
TCR
1
100
1
(%)
−
×=  }. In contrast to the variation of FCR due to irradiation, 
there is a significant change in the TCR of 200nm thin film resulting in the enhancement 
of TCR value to the maximum on both the positive and the negative sides of y-axis 
(Figure 4.13). The positive and negative TCR values of irradiated 200nm thin film with 
dose of 1×1012 ions/cm2 are ~ 16 % K-1 and ~ -12 % K-1, respectively, which are almost 
double than that of the 200nm pristine film. This feature is highly useful for the 
bolometric sensor applications [4, 19].  
4.1.5 Conclusions  
 The thickness dependent irradiation effects on the structural, electronic transport 
and magnetotransport properties of La0.5Pr0.2Ba0.3MnO3 (LPBMO) thin films have been 
investigated. As result of the XRD, AFM, resistivity and magnetoresistance 
measurements on the pristine and Ag+15 ion irradiated LPBMO/LAO films having 50 & 
200 nm thickness, the following conclusions have been made. From the XRD 
measurements, it is confirmed that, there is no structural transition or damage in 
irradiated thin film up to higher doses. The strain values calculated from XRD data 
suggests, that, on irradiation, the compressive strain increases more effectively in the 200 
nm film as compared to 50 nm film. In the case of irradiated film with ion dose of 5×1011 
ions/cm2, strain is released due to irradiation. Also it shown that irradiation creates a 
similar effect on the surface of  both the films which can be clearly seen form the AFM 
pictures of irradiated thin films. 
It is shown that, with increasing irradiation dose, there is significant enhancement 
in resistivity and decrease in Tp of the 200nm film while there is no appreciable change 
in the properties of 50nm film. 
The low temperature resistivity minimum in LPBMO bulk and thin films is due to 
the e-e scattering arising due to the metallic disorder in the sample. The large size-
disorder also plays a major role in structural distortion. This result indicates that in the 
film irradiated with the intermediated dose (5×1011 ions/cm2), disorder is reduced which 
is mainly due to higher strain in the dead layer. This may be due to decrease in the 
surface energy of the dead layer by swift heavy ions irradiation. This is reflected in the 
increased contribution of the inelastic term in the fitting of the resistivity data. In the 
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higher irradiation dose, large defects created in the metallic region introduce the 
magnetic inhomogeneity in the ferromagnetic region which reduces the role of inelastic 
term. This effect is higher in the larger thickness film in which that broadening effect of 
irradiation can be seen in the low temperature minima curve of the 200nm film. 
The effect of irradiation on MR in the vicinity of TP and low temperature is not 
similar for 50 & 200nm films. In the 50nm film, with increasing ion dose, the MR 
remains unaffected in the vicinity of TP, while in 200nm film, the MR decrease 
marginally at TP. At low temperature, in the 50nm film, the effect of irradiation on MR is 
very marginal while change in the MR as a result of irradiation is appreciable in the case 
of the 200nm film.  
The above findings are supported by the large change in field sensitivity parameter 
(FCR) values at low temperatures in 200nm film as compared to 50nm film. TCR value 
of the irradiated thin film with the higher ion dose increases almost double than the 
pristine film, the property which can be of importance for bolometric application. 
There exist two probable reasons for such effects, namely (i) a larger damage 
generated by the energetic ions with increasing thickness, which cerates more scattering 
centers and enhances resistivity and (ii) the presence of columnar like tracks which may 
cause a local release of strain at the film-substrate interface and increase the conductivity 
in low thickness films. 
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5.1 Studies on LPSMO/Al2O3/LPSMO heterostructure 
The observation of colossal magnetoresistance (CMR) effect in the 
La0.67Ca0.33MnO3 (LCMO) manganite thin films sparked the growth and development of 
spin-electronics based studies in this material. It has also opened up a new direction for 
research and development in the field of thin film and multilayer structures of LCMO 
and its variants [1, 2]. The development of new spin-electronic devices such as magnetic 
random access memories (MRAM) to be used in conjunction with or as replacements for 
EEPROM (electrically erasable programmable read-only memory), flash memories in 
computer applications and uncooled infrared imaging systems were possible due to the 
growth and studies on rare earth doped manganite thin films and multilayers [3, 4]. It is 
well known that, the physical properties of thin films are governed by the strain induced 
due to the lattice mismatch occurring between the film and the single crystal substrate. It 
is therefore of prime interest to control the internal microstructure after deposition in 
order to understand the changes in both magnetic and electrical properties. Pulsed Laser 
Deposition (PLD) technique has been abundantly applied for the deposition of the high 
quality manganite thin films and multilayer. It has played a significant role in advancing 
the understanding of the physics of thin film structures. There is an appreciable effect of 
the growth parameters (such as temperature, pressure, and target-to-substrate distance) 
on both internal microstructure and surface morphology [5-7]. The strain in the 
manganite films is expected to create the magnetic anisotropy and a dead layer, which 
modifies the Low Field Magnetoresistance (LFMR) very effectively and can result in to 
loss of the spin polarization [8].  
 An improved MR has been observed in granular films, multilayers, spin polarized 
tunneling junctions and grain boundary devices [9]. Enhancement of MR at low 
temperature in the La0.67Ca0.33MnO3/SrRuO3 superlattice was reported which has been 
explained by the induced magnetic non-uniformity near the interfaces due to disorder 
[10]. La0.67Ca0.3MnO3/SrTiO3 multilayers exhibit large magnetoresistance of more than ~ 
85% at temperatures below 100K [8]. A. Venimadhav et al fabricated the multilayer 
consisting of La0.67Ca0.33MnO3 as ferromagnetic layer and Pr0.7Ca0.3MnO3 and 
Nd0.5Ca0.5MnO3 as the spacer layers and showed that the enhanced magnetoresistance 
could be attributed to the induced double exchange in the spacer layer which gave rise to 
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a larger number of conducting carriers [11]. We have used a non-magnetic spin 
scattering barrier of Al2O3 between two ferromagnetic La0.5Pr0.2Sr0.3MnO3 (LPSMO) 
layers with an aim to improve the electronic and magneto-transport properties of such   a 
heterostructure grown on SrTiO3(STO) single crystal substrate by Pulsed Laser 
Deposition. We studied the electronic-transport and magneto-transport properties of the 
LPSMO/Al2O3/LPSMO heterostructure wherein Al2O3 was expected to act as an 
insulating spacer layer separating the two parts of the ferromagnetic LPSMO film. The 
additional scattering centers provided by the insulating barrier could be controlled by the 
external applied magnetic field, which was supposed to result into an enhanced MR 
arising due to spin scattering. In addition, we also investigated the field and temperature 
sensitivity of the heterostructure incorporating the insulting barrier layer. The results of 
these studies are presented and discussed in this chapter.   
5.1.1 Synthesis 
The polycrystalline bulk target of La0.5Pr0.2Sr0.3MnO3 (LPSMO) and Al2O3 were 
synthesized using conventional solid-state reaction method. The details of bulk sample 
preparation have been reported in ref. [12]. Single crystalline LPSMO thin films and 
LPSMO/Al2O3/LPSMO heterostructure have been deposited by Pulsed Laser Deposition 
(PLD) technique under the similar experimental conditions.  
Heterostructure was fabricated using the Al2O3 as a spacer layer having thickness 
of 10 Å and ferromagnetic LPSMO layers having thicknesses of ~500 Å. The Al2O3 
spacer layer was in the middle of this thickness.   We also deposited the LPSMO films 
having a thickness of ~500 Å under similar growth condition, to compare their 
characteristics with that of the three layered heterostructure having Al2O3 scattering 
barrier. Third harmonic (355 nm) of a Q-switched Nd: YAG laser having pulse duration 
of ~ 6 ns and fluence of about 2.1 J/cm2 at 10 Hz repetition rate was used for the ablation 
of the LPSMO and Al2O3 targets alternately. The ejected plume was deposited on the 
polished (100) SrTiO3 (STO) single crystal substrate positioned at a distance of about 5 
cm from the target. The deposition was carried out at the substrate temperature of ~ 740o 
C in oxygen ambient at a partial pressure of about 400 mTorr. (Details are given in the 
chapter 3). 
                                     
140
 
The structure of the samples was analyzed using X-ray diffraction (XRD) and 
surface morphology was studied using Atomic Force Microscopy (AFM). The resistivity 
was measured as a function of temperature in range of 5-320K and as a function of 
magnetic field recorded as 0T - 9T - (-9T) - 0T using PPMS facility at TIFR, Mumbai. 
Resistivity measurements were performed in the two configurations, namely, CIP 
(Current In Plane ) and CPP (Current Perpendicular to Plane) as shown in fig.5.1. 
 
 
 
                
Figure 5.1: Schematic diagram of the heterostructure in the different resistivity 
                     configuration namely CIP and CPP. 
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Figure 5.2: A typical XRD pattern of heterostructure. Inset of the figure show the 
                   enlarged view of indexed peak of the film. 
Figure 5.2 shows the XRD patterns of heterostructure studied while inset figure 
shows the enlarged view of the indexed LPSMO peaks in the heterostructure. From the 
XRD pattern, it can be seen that, LPSMO layer exhibit the epitaxy in the (0k0) direction 
while Al2O3 peak is shown as asterisk in the XRD profile. From the XRD it is confirmed 
that Al2O3 is present in the LPSMO superlattice. 
Surface Morphology 
In order to explore the surface morphology of LPSMO film and the presence of 
Al2O3 barrier on it, we have obtained the AFM photograph of the LPSMO film and 
Al2O3/LPSMO bilayer on STO substrate, which has been shown in the pictures 5.1 and 
5.2 as 3D images in the different scan size. Deposited Al2O3 has very small thickness of 
10 Å, so in order to confirm whether it is deposited as a layer or as a barrier on the 
LPSMO layer like as percolative surface, we first deposited the LPSMO layer on the 
STO substrate and took an AFM photograph and after depositing Al2O3 we again took 
the AFM photograph of the insulting Al2O3 layer. From both the AFM pictures (5.1 & 
5.2), it can be clearly seen that, the deposition of Al2O3 material results into the filling up 
of coarser LPSMO film surface, which is evident from the improvement in surface 
roughness of the Al2O3/LPSMO/STO bilayer as compared to LPSMO/STO film. 
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Picture 5.1: 3D AFM images of the LPSMO 50nm layer in the heterostructure with 
                     different scan size of 500nm and 1.00µm. 
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Picture 5.2: 3D AFM images of the Al2O3 insulating barrier on the LPSMO layer in the  
                     heterostructure with different scan size of 500nm and 1.00µm. 
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5.1.2 Electrical Resistivity (CIP & CPP Mode), Magnetoresistance and   
         I-V Characteristics Studies 
Electrical Resistivity (CIP & CPP Mode) 
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Figure 5.3: Temperature dependence of resistance of the heterostructures in 0-5T  
                    applied fields in the CIP and CPP mode. 
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Figure 5.4: Schematic presentation of the conduction of the current in the magnetic  
                    domain (grain boundary) in the CIP and CPP mode in the heterostructures.   
               Figure 5.3 shows the temperature dependence of resistance behavior of the 
LPSMO/Al2O3/LPSMO heterostructure in the two different measuring configurations 
namely CIP and CPP mode, in applied fields of 0, 1 & 9T. It can be seen that 
heterostructure exhibit the TIM at 212 K with peak resistance (Rp) ~ 15 KΩ in the CIP 
mode while TIM is ~ 215 K and Rp ~ 44 K in CPP mode. In both the configurations there 
is not much change in the TIM but a large difference in the peak resistance value is 
observed which is due to different electron conduction mechanisms. In the CIP mode 
current passes through, in the plane, while in the CPP mode current passes through the 
plane perpendicular to film which is shown in the fig.5.4. The direction of the current is 
shown by the arrow. As compared to the LPSMO film which exhibits the TIM ~ 298K 
and Rp ~ 7.5 KΩ (chapter III, page no.11), the LPSMO/Al2O3/LPSMO heterostructure 
has low TIM (~ 212K) and larger peak resistance.  The observed decrease in the TIM in 
the heterostructure can be attributed to the stresses developed such as the film-substrate 
lattice mismatch and heteroepitaxy of the multilayer and STO substrate [13]. The 
enhancement in the Rp in the heterostructure is mainly due to the Al2O3 insulating 
barrier, which contributes to the spin dependent scattering thereby resulting in an 
increase in the peak resistance. Also, in the CIP mode, the R-T curve shows an upturn in 
the resistance at temperature below 50 K, the reason of which has to understood in case 
of multilayered structures.  
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5.1.2.2 Magnetoresistance 
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Figure 5.5: MR % vs H(T) isotherms of heterostructure in CIP and CPP mode. 
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We have performed electrical transport measurements on the heterostructure in 
the CIP and CPP mode at various temperatures in the range of 5- 320K in fields up to 9T 
field. The difference in the transport behaviour of the heterostructure is corroborated by 
MR measurements [magnetoresistance calculated as MR (%) = (ρ0 – ρH)/ρ0 × 100)]. 
Figure 5.5 shows the MR vs. H isotherms at different temperatures for 
LPSMO/Al2O3/LPSMO heterostructure in the CIP and CPP mode, clearly depicting the 
following features of the MR behaviour. 
 Heterostructure exhibits high MR ~ 77 % and 72 % in high applied field near the 
TIM (220K) for the CIP and CPP modes respectively. The observation of large high field 
magnetoresistance (HFMR) of ~77 % in this heterostructure as compared to that of 
LPSMO film (MR~51%) at temperatures close to their TIM values, can be attributed to 
the spin fluctuations at the Al2O3 barrier between the two LPSMO layers, which are 
controlled by the application of magnetic field resulting in an enhancement of MR in the 
heterostructure. In the heterostructure, at low temperature, MR shows a hysterisis 
behavior indicting a percolative transport in the ferromagnetic layer via insulting Al2O3 
barrier. This percolative transport is responsible of the high value of the MR (~ 39 %) at 
low temperature (10K) [14,15]. 
Figures 5.6. (A) & (B) shows the MR vs. T (K) plots for LPSMO/Al2O3/LPSMO 
heterostructure in the CIP and CPP mode under 1 and 9T fields. In heterostructure high 
MR ~ 27 % & 24 % is observed near the TIM in 1 Tesla applied field while MR ~ 78 % 
and 80 % in 9 Tesla applied field for the CIP and CPP mode respectively. In CPP mode, 
below TIM, under 1T field, the MR decreases with the temperature while in CIP mode, at 
lower temperature, there is a MR ~ 20% (up to 50K) which may due to the intergrain 
spin scattering at magnetic domains. Also, in CIP mode the electron transport is in 
parallel direction while in CPP mode it is in perpendicular direction. 
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Figure 5.6 (A): MR % versus temperature for heterostructure in CIP mode in 1 and 
                          9 Tesla magnetic fields. 
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Figure 5.6. (B): MR % versus temperature for heterostructure in CPP mode in 1 and 
                          9 Tesla magnetic fields.  
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 I-V Characteristics Studies 
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Figure 5.7: I-V characteristics and conduction vs. of voltage plots fitted in Simmon`s 
                    model for the heterostructures in the CPP mode. 
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To understand the effect of insulting Al2O3 barrier on the electronic transport of 
LPSMO/Al2O3/LPSMO heterostructure, we have studied the current-voltage (I-V) 
characteristics of this system using stranded four-probe technique which shows similar 
behavior for both negative and positive applied voltages. It has been observed that, the 
heterostructure exhibits a non-linear I-V behavior (Fig. 5.7), which may be due to either 
by distorted metallic oxide like behavior, quasiparticle tunneling via pairs of localized 
states or spin-flip scattering at the grain boundary [16-18]. To confirm the cause of non-
linearity in the I-V behavior of heterostructure, we have fitted the conductance versus 
voltage curves at different temperatures for the heterostructure in the Simmon’s model 
given by dI/dV = a + bVn ; where a, b and n are constants depending on magnetic field 
and temperature (Fig.5.7) [19].  The values of n at temperatures below TIM (84 K and 
150K) are grater than 1.4, which indicates that the spin-flip mechanism at the Al2O3 
barrier is responsible for the non-linearity in I-V characteristics [18]. 
5.1.3 Oxygen annealing effects 
The heterostructure studied shows the lower TIM than the parent LPSMO thin 
film, which is due to large strain developed due to heteroepitaxy. To remove this strain, 
heterostructure was annealed at 1000 ºC for the 24 hrs in O2 atmosphere. Figure 5.8 
shows the R-T behavior of the oxygen annealed LPSMO/Al2O3/LPSMO heterostructure 
in CIP and CPP mode under 0, 1 & 5T fields in the temperature range of 2-320K. Figure 
5.8 shows that, heterostructure exhibits TIM at 280K with peak resistance (Rp) ~ 2.8 KΩ 
in the CIP mode, while TIM ~ 288K and Rp ~ 4K is observed in CPP mode. Thus the 
oxygen annealed heterostructure show higher TIM and large suppression in RP in the 
vicinity of RT as compared to as deposited heterostructure which may be due to strain 
release at interface of the each layer or excess oxygen which favours the Zener double 
exchange mechanism. If we compare the nature of the insulator to metal transition, 
without oxygen annealing, the heterostructure show a large resistance broadning effect at 
TIM while after oxygen annealing this effect is removed and transition becomes sharp. 
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Figure 5.8: R vs. T (K) plots of the oxygen-annealed heterostructures in applied fields 
                   in the CIP and CPP mode. 
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Figure 5.9: Magnetoresistance vs. temperature plots of the oxygen-annealed  
                    heterostructures in 0-5T applied field in the CIP and CPP mode. 
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Figure 5.9 shows the MR vs. T plots for LPSMO/Al2O3/LPSMO heterostructure 
in the CIP and CPP mode in 1 Tesla applied field. A high MR ~ 14 % and 13 % is 
exhibited near TIM (251K) in 1 Tesla field in CIP and CPP mode for oxygen annealed 
heterostructure. Comparison of MR values of oxygen-annealed heterostructure with the 
as grown heterostructure (Fig.5.6) clearly shows that MR decreases on annealing. The 
observed anomalous behavior of the negative MR at low temperature below the   100 K 
in the heterostructure in the CIP mode is not well understood as it is not a common 
feature in the manganites. It can be possibly due to the quantum interference effects 
(QIE) reported in [20]. A major problem in dealing with ultra thin manganite thin films 
is the presence of the dead layer, with suppressed conducting and /or magnetic properties 
at the interface between the film and the substrate [21]. It can be proposed that, the 
observed negative MR may be possibly due to QIE related to weak localization. 
Moreover, the scattering by magnetic impurities and by impurities with spin-orbit 
coupling has been demonstrated to strongly influence the sign of the MR, rendering even 
more difficulty in disentanglement of the different contributions to QIE in CMR 
manganites. In the case of heterostructure there are many parameters such as strain, 
insulating impurity and heteroepitaxy, which are responsible for such behavior of MR at 
low temperature which favours the QIE.  
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5.1.4 Temperature and Field Sensitivity  
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Figure 5.10: TCR vs. T plots of the heterostructures in the CIP and CPP mode. 
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Figure 5.11: FCR vs. H (T) plots of the heterostructures in the CIP and CPP mode. 
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We have studied the temperature sensitivity of heterostructure, which has been 
quantified by Temperature Coefficient of Resistance (TCR). Figure 5.10 shows the 
variation of TCR with the temperature for LPSMO/Al2O3/LPSMO heterostructure in the 
CIP and CPP mode. The maximum positive TCR values are ~3.47 % K-1 and 2.8 % K-1 
determined in the CIP and CPP mode. The value of maximum positive TCR ~1.51 % K-1 
at 273 K observed the LPSMO film [chapter III, fig.3.12. (A)] becomes more than 
double in the heterostructure at 180 K. At room temperature, heterostructure exhibits the 
negative TCR value ~ -1.2 K-1 and -1.09 K-1 in the CIP and CPP mode respectively, the 
feature highly useful for the uncooled infrared image sensing  (bolometric sensor) 
application [3, 4]. High –Tc superconductors exhibit high TCR values but are not suitable 
for the uncooled bolometric applications because of their lower operating temperatures 
[21]. It is important to mention that commercially available bolometers based on semi-
conducting YBCO or VOX have room temperature TCR value varying from ~ 1.5 K
-1 to 
3 K-1. YBCO type of cooled bolometer need to cool down to 92 K or lower while the 
VOX is very difficult to synthesis with the desirable properties.  
The magnetic field sensitivity of the heterostructure has been be studied by 
calculating the Field Coefficient of Resistance as (FCR). From the application point of 
view, as field sensor, it is desirable to have a large field sensitivity, which should shift, 
with the applied field.  Figure 5.11 displays the variation in FCR with magnetic field for 
heterostructure at different temperatures. It can be seen that, the maximum FCR ~ -20 % 
at 220K in ~ 0.5 Tesla field for heterostructure in the CIP mode becomes ~ -22 % at 
100K in ~ 0.7 Tesla. Observed large FCR in the heterostructures is mainly due to 
insulating Al2O3 barrier, which provides the spin dependent scattering centers, which can 
be controlled by applied magnetic field. 
5.1.5 Conclusions  
In the present study, we have grown the heterostructure of the 
LPSMO/Al2O3/LPSMO for improved electronic transport and magnetotransport 
properties. In the heterostructure, Al2O3 insulating material was deposited in between the 
two LPSMO ferromagnetic layers. XRD pattern shows the epitaxial growth in the (0k0) 
direction and also confirm the presence of the Al2O3 insulating material in the 
heterostructure. From the AFM study, it is clearly seen that deposited Al2O3 fills up the 
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coarser surface of the LPSMO layer. The resistance of the heterostructure was measured 
in both CIP & CPP modes. R-T plots of the heterostructure shows a decrease in the TIM 
and increase in the peak resistivity by large factor as compared to parent LPSMO films 
which may attributed to large strain and heteroepitaxy effect, due to the number of layers 
in the heterostructure. Also resistance in the CPP mode is higher as compared of the 
resistance in the CIP mode due to different transport mechanisms involved. Observation 
of the large MR in the heterostructure is due to sandwiched insulting Al2O3 barrier 
between the two ferromagnetic LPSMO layers, which provides the spin scattering 
centers controlled by the external applied field. The appearance of hysterisis in the MR at 
low temperature in the heterostructure can be interpreted as due to the percolative 
transport via insulating barrier.  
From the MR vs. T plots, it has been observed that, in the CIP mode, after the TIM, 
MR remains constant with decreasing temperature which is due to intergrain spin 
scattering in the manganite domain. This effect is not observed in the CPP mode due to 
the transport mechanism in the perpendicular direction in the magnetic domain. The I-V 
characteristic studies show non-liner I-V behaviour due to the spin-flip mechanism at the 
Al2O3 barrier. Also, the effect of the oxygen annealing on the MR behaviour of the 
heterostructure has been studied. After oxygen annealing, TIM shifts towards the RT with 
the decrease in the MR%. As an effect of oxygen annealing, negative MR (CIP mode) is 
observed in the heterostructure at low temperature (below 100K) which is anomalous 
observation in the manganites. We feel that this effect can be explained by considering 
the Quantum Interface Effect which needs further investigation. 
 TCR value increases by a factor of two in the heterostructure as compared to the 
parent LPSMO thin film. Field sensitivity ~ -20 % in low applied field (0.5 T) in the 
multilayer is highly useful in its application as field sensor. From the present study, it is 
notable that spin scattering through the insulating barrier tailors the transport and 
magnetotransport properties of the LPSMO/Al2O3/LPSMO heterostructure. 
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5.2 Comparative study of PLD and CSD grown LCMO thin films 
Interest in the studies on manganite thin films has achieved new heights after the 
first observation of CMR behaviour in the La0.67Ba0.33MnO3 thin films [2]. The physical 
properties exhibited by these materials prompts the possibility of using them in the 
magnetic field sensor, magnetic read head, bolometric sensor and other applications. In 
all of these applications, it is necessary that manganite material should be in the thin film 
form.. 
There are several techniques reported for the synthesis of the manganite thin films 
out of which Pulsed Laser Deposition (PLD), Chemical Solution Deposition (CSD) and 
Chemical Vapor Deposition (CSD) are more commonly used. In the PLD technique, the 
deposition conditions such as oxygen pressure, deposition temperature, fluence size and 
substrate to target distance drastically affects the physical properties of the film. Also, for 
the PLD grown thin films, in situ or ex situ oxygen annealing is necessary to obtain the 
films with optimized TIM, TC and magnetoresistive properties [22-23]. The main 
advantages of CSD method of manganite thin film deposition are: it is very easy to 
synthesize epitaxial and polycrystalline manganite thin films in short time using CSD 
rout, it is easy to grow the film on large area with lower cost and quality of film can be 
improved by homogeneous growth of the material [24, 25].   
In this section, we report the comparison of physical properties of the 200nm 
LCMO films synthesized using PLD and CSD methods. The results obtained on the 
effect of grain size and strain (lattice mismatch) on the transport and magnetotransport 
properties of both the films are discussed in detail. 
 
Synthesis 
 
Polycrystalline bulk target sample of La0.7Ca0.3MnO3 (LCMO) was synthesized 
using standard ceramic method. The LCMO thin film with 200nm thickness was 
deposited on a single crystal (h00) oriented LAO substrate by PLD using KrF excimer 
Laser. The deposition parameters were: substrate to target distance ~ 4.2 cm, substrate 
heating temperature ~ 830 oC and partial oxygen pressure ~ 400 mTorr. Another LCMO 
film was grown on single crystalline LAO substrate using CSD technique. The mixing, 
stirring and heating of appropriate stoichiometric quantities of the appropriate metal 
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acetates in a distilled water and acetic acid resulted in a clear solution of the constituents 
used for deposition. Deposition of thin films using automated spin coater was then 
followed by heating and annealing at 1000 °C in an oxygen environment.  
XRD and AFM measurements were carried out on these films for structural and 
microstructural properties. Electrical resistivity and magnetoresistance measurement 
with and without field were performed using d.c four probe technique (PPMS, Quantum 
Design). 
5.2.1 Structure and surface morphology  
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Figure 5.12: Typical XRD patterns of 200nm LCMO/LAO films grown by PLD  
                      and CSD methods. 
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    Figure 5.12 depicts the XRD patterns of the CSD and PLD thin films showing 
a single-phase orthorhombic structure. The cell parameters of the bulk, a = 5.570(1) nm, 
b =7.736(1) nm and c =5.497(1) nm, were used to index the thin film XRD patterns. The 
films were found to be oriented in (hol) direction and are highly epitaxial. The lattice 
mismatch, δ, along the interface is calculated using the formula
100×
−
=
substrate
filmthinsubstrate
d
dd
δ
.  In 
the case of PLD grown film, the mismatch is ~ -3.798 % and for the CSD grown film, 
the mismatch is ~ -0.0179 % (Compressive strain). The value of grain size calculated 
using the Scherrer’s formula for CSD grown film is ~ 150nm and for the PLD grown 
film it is ~ 400nm (figure 5.12 and Table 5.1). Also FWHM of the indexed (202) peak of 
the CSD grown film is small as compared to PLD grown film, which shows the good 
quality of CSD grown film without strain in it.  
The surface morphology of both the LCMO films is studied using AFM 
measurement. The pictures 5.3 and 5.4 shows the surface topology of the LCMO/LAO 
thin films grown by the CSD and PLD methods respectively having grain size ~ 70nm in 
the CSD grown thin film while ~ 150nm in the PLD grown thin film. In the same figure, 
surface roughness histogram is also shown indicating RMS roughness ~ 9.3nm in the 
CSD grown film and ~ 17nm in PLD grown film. The comparison of the grain size and 
other properties of  both the films is done in the Table 5.1. 
 
Table 5.1: Comparison of grin size, TIM and resistivity and FWHM of the 200nm 
                  LCMO/LAO thin film grown by PLD and CSD methods. 
Sample 
LCMO 
TIM 
(K) 
ρ at 10K 
(Ωcm) 
ρPeak 
(Ωcm) 
FWHM Grain size 
(XRD) 
Grain size 
(AFM) 
PLD 239 0.0256 0.523 2.3nm 400nm 150nm 
CSD 249 0.0004 0.077 0.99nm 170nm 70nm 
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Picture 5.3: 2D AFM image and histogram for the roughness analysis of the 200nm 
                      LCMO/LAO thin film grown by the CSD technique. 
 
 
 
 
    
 
Picture 5.4: 2D AFM image and histogram for the roughness analysis of the 200nm 
                      LCMO/LAO thin film grown by the PLD technique. 
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5.2.2: Comparison of properties 
5.2.2.(A):Electronic Transport  
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Figure 5.13: Resistivity vs. temperature plots of the 200nm LCMO/LAO thin films  
                      grown by PLD and CSD methods in 0T applied field. 
 
Figure 5.13 shows the ρ-T plots of the PLD and CSD grown 200nm LCMO films 
in 0T applied field in the temperature range of 5-320K. It can be seen from the figure 
that, PLD and CSD grown films shows the TIM ~ 239K and 249K, respectively. Both the 
films exhibit higher TIM vales as compared to their polycrystalline bulk counterparts (TIM 
~ 211K) (not shown here) indicating that both the films are deposited with the optimal 
growth parameters. It is seen that resistivity of CSD grown film is lower than the PLD 
grown thin film. Resistivity of film depends principally on the factors such as substrate 
effect, grain boundary, grain size and growth parameter. In the present case, both the 
films were deposited on LAO substrate while grain size and grain boundary effects are 
dependent on the growth technique. To investigate further on the transport properties of 
both the films the ρ-T data was fitted in the magnon scattering law in the metallic region 
and in different VRH models in the semi-conducting region.  
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Figure 5.14: Low-temperature resistivity fits to magnon-scattering law with 0 T 
                      applied field for 200nm LCMO/LAO thin films grown by PLD and CSD  
                      methods. The symbols are the experimental data point and the solid curves 
                      are   the  theoretical fits. 
Table 5.2: Magnetic field, coefficients of the fit to equation (1), and the normalized χ2  
                   for 200nm LCMO/LAO thin films grown by PLD and CSD  methods. 
                      
Sample 
LCMO 
H (T)      ρ0 
(mΩ cm) 
B 
X10-9 
n χ2 
X 10-9   
PLD 0 0.02690 93.29 2.6 500.9 
CSD 0 0.00045 0.086 3.3 0.205 
 
Figure 5.14 shows the curves of low temperature resistivity fits to magnon 
scattering law for the 200nm LCMO/LAO thin films grown the PLD and CSD methods. 
In metallic region, both the films obey the magnon scattering law  
                               ρ(T)= ρ0 + BT
n………….... (1),  
where B is electron-magnon coefficient of their corresponding scattering mechanism, ρ0 
is residual resistivity of the sample which is a contribution of various defects, domains, 
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grain boundaries and other temperature – independent scattering processes [26, 27]. 
From the fig. 5.14 and Table 5.2 it can be seen that, CSD made film has higher n value 
and small residual resistivity as compared to PLD grown film indicating better 
connectivity between grains in CSD grown films having minimal strain effect of the 
substrate as compared to the PLD grown film.  
 In CSD grown film, ρ0 is extremely small as compared to Mott`s maximum 
metallic resistivity (10 mΩ), while in the PLD grown film, ρ0 is comparatively higher 
than CSD grown film, which indicates towards the effect of dead layer in these films. 
The effect of dead layer is more pronounced in PLD grown film which is reflected in the 
higher resistivity values.  
In the Semi conducting region we have fitted the ρ-T curves in to different VRH 
models with small polaron effect ρ = AT exp(Ea/KT) [Fig. 5.15 (a & c)] and                     
ρ = ρ0 exp(T0/T)
1/4 [Fig.5.15 (b & d)] [28-30]. It can be seen from the figures that, in the 
semi conducting region resistivity obey the small polarons hopping model (Emin-
Holstein theory) while VRH model fails for the PLD and CSD grown thin films. The 
calculated value of activation energy (Ea) and the resistivity coefficient (B) from Emin-
Holstein equation are given in the Table 5.3. In the PLD grown film, B value is higher 
than the CSD made film, which shows the impact of the different growth techniques. In 
the PLD made thin film dead layer is responsible for the higher resistivity. On the other 
hand activation energy is lower in the PLD grown thin film which is due to the large 
grain size in the PLD grown film as compared to CSD grown film.  
 
Table 5.3:  Comparison of activation energy and resistivity coefficient (B) of the 200nm 
                    LCMO/LAO thin films grown by PLD and CSD methods. 
Sample 
LCMO 
TIM 
(K) 
Ea 
(ev) 
B 
(10-6Ω cm /K) 
PLD 239 0.0524 180 
CSD 249     0.118 1.23 
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Figure 5. 15: Resistivity fits in the semi-conducting region to the plolarons hopping 
                       model (a &  c) and to VRH model (b & d) for 200nm LCMO/LAO thin  
                       films grown by PLD and CSD  methods. The symbols are the  
                      experimental data points and the solid curves are the  theoretical fits. 
 
Temperature dependent resistivity sensitivity of both the film has been studied by 
their deterring TCR values which show large disparity on positive and negative sides of 
Y-axis. In the CSD grown film maximum positive TCR value is ~10 % K-1 at 235K 
while in the PLD grown film has maximum TCR value is ~ 2.7 % K-1 at 194K. This 
feature is highly useful for the bolometric sensor applications.  
                                     
166
 
0 100 200 300
-4
0
4
8
12
LCMO/LAO
 
T
C
R
 (
%
 K
 -1
)
T ( K )
 CSD
 PLD
 
Figure 5.16: Temperature coefficient of resistance of the LCMO/LAO films grown by  
                      PLD & CSD techniques. 
5.2.2.(B):Magnetotransport properties 
Figure.5.17. (A) & (B) shows the MR vs. H(T) isotherms of the PLD and CSD 
grown LCMO films taken at different temperatures. Maximum MR ~ 90 % is observed 
in the PLD grown film at 200K while the CSD grown film posses maximum MR ~ 91 % 
at 240K (near TIM) 
Both films have negligible low field magnetoresistance (LFMR), which indicates 
toward that there is no grain boundary effect and MR is due to spin fluctuations at the 
Mn-O-Mn bond. To observe the effect of strain on the MR behavior of these films, we 
have plotted the MR vs. H (T) data of 100K in fig.5.18. At 100 K, CSD grown thin film 
posses MR ≤ 3 % while the PLD grown film exhibit MR ~ 43 % which is due to 
magnetic anisotropy generated by the substrate in the PLD grown film. It shows that, the 
strain plays an important role in the modification in MR behaviour of theses film.  
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Figure 5.17.(A): MR% vs. H(T) plots for the 200nm LCMO film grown by the PLD 
                            technique at different temperatures. 
0 2 4 6 8 10
0
40
80
150 KM
R
 %
H ( T )
LCMO/LAO
CSD
330 K
100 K
240 K
200 K
10 K
  
 
 
Figure 5.17.(B): MR% vs. H(T) plots for the 200nm  CSD grown LCMO film.                         
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Figure 5.18 : MR % vs. H(T) plots for the bulk LCMO target and 200nm PLD and  
                       CSD grown films at 100 K. 
           Both the PLD and CSD grown films are epitaxial and having different grain sizes 
and strain effects. From XRD studies, it is seen that CSD film is almost strain free while 
PLD grown film has large strain due to the ablation process at the substrate. 
5.2.3 Conclusions  
In this part of the chapter, we have compared the physical properties of the 
LCMO thin films grown by PLD and CSD techniques. XRD patterns of  both the films 
show that the films are oriented in (hol) direction and posses epitaxial nature. Calculated 
mismatch between the film and substrate shows that, CSD grown film is almost strain 
free as compared to PLD grown film. It is also seen that, grain size of the CSD grown 
film is smaller as compared to the PLD grown LCMO film which is confirmed from the 
AFM measurement. Also RMS roughness is larger in the PLD grown films. From the     
ρ-T studies it is clearly seen that, CSD grown LCMO film show the better transport 
properties as compared to that PLD grown film. From the fitting of the resistivity data in 
the insulating & FM metallic region it is seen that, activation energy is lower in PLD 
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grown film due to large grain size present while the residual resistivity is very less in 
CSD grown film which indicates better grain connectivity. 
MR vs. H (T) plots show very high MR ~ 90% at temperatures close to TIM in  
both the films.  At 100K, PLD grown films exhibit large MR as compared to CSD grown 
films showing the effect of strain in the PLD grown film. High value of TCR in the CSD 
grown film shows good quality of film and its possible use in the bolometric application.  
 Thus, it can be concluded that the film growth technique has an appreciable effect 
on the physical properties of the manganite material grown on identical substrates. It is 
observed that, CSD grown LCMO film posses better physical properties as compared to 
PLD grown film. 
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SCOPE OF FUTUTE RESEARCH ON MANGANITES 
 
 
 There are several questions and issues on pertaining to the studies on mixed 
valent manganites which needs further attention of the condensed matter physicists. 
To list few of them  
 The evidence of charge ordering in the half-doped manganites having 
nanoclusters above TC should be confirmed.  
 X-ray and Neutron scattering studies, on the (LaPr)1-xCaxMnO3 mixed valent 
manganite system, are needed to be performed  in order to understand the charge-
ordered nano-clusters. 
 The presence of glassy state in some manganites similar to standard spin glass 
behaviour has to be explored in detail and whether phase separation phenomenon 
is responsible for such a behavior has been studied. 
 There is need of understanding the cause for low temperature minima in 
resistivity of few manganites. 
 Various thin films and multilayered structures of manganites should be grown 
and tested for field and temperature sensing applications at room temperature 
under low applied fields. 
  From the technological point of view, many important issues are still unexplored 
such as, the phase diagram in 3D of two orbitals model may lead to several 
interesting surprises such as presence of stripe phases, the percolative charge 
transport, competition between different spin ordering phases etc. 
 On application side, it is necessary to develop new manganite based 
heterostructured devices suitable for the application in read heads, non-volatile 
MRAM, magnetic tunneling junction (MJT) having better advantage than the 
conventional devices. 
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